THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

http://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


http://researchcommons.waikato.ac.nz/

Nearshore Sediment Dynamics in a
Mixed Sand/Mud Environment

A Thesis
submitted in fulfilment
of the requirements for the degree
of
Doctor of Philosophy

in Earth Sciences
by

Brett James Beamsley

University
of Waikato

Te Whare Wananga
o Waikato

The University of Waikato
May 2003



Frontispiece

There is a pleasure in the pathless woods,
There is a rapture on the lonely shore,
There is society where none intrudes
By the deep sea, and music it roar:

I love not man the less, but nature more,
From these our interviews, in which I steal
From all I may be, or have been before,

To mingle with the universe, and feel
What I can ne’er express, yet cannot all conceal.

Roll on, thou deep and dark blue Ocean, -roll!
Ten thousand fleets sweep over thee in vain;
Man marks the earth with ruin, - his control

Stops with the shore; - upon watery plain
The wrecks are all thy deed, nor doth remain
A shadow of man’s ravage, save his own,
When, for a moment, like a drop of rain,
He sinks into thy depths with bubbling groan,

Without a grave, unknelled, uncoffined, and unknown.

His steps are not upon thy paths, - thy fields
Are not a spoil for min, - thou dost arise
And shake him from thee; the vile strength he wields
For earth’s destruction thou dost all despise,
Spumning him from thy bosom to the skies,
And send’st him, shivering in thy playful spray
And howling, to his gods, where haply lies
His petty hope in some near port or bay,
And dashest him again to earth: - there let him lay.
The armaments which thunderstrike the walls

Storm @ Mount Maunganui

Of rock-built cities, bidding nations quake
And Monarchs tremble in their capitals,
The oak leviathans, whose huge ribs make
Their clay creator the vain title take
Of lord of thee and arbiter of war, -
These are thy toys, and, as the snowy flake,
They melt into thy yeast of waves, which mar
Alike the Armada’s pride or spoils of Trafalgar

Thy shores are empires, changed in all save thee;
Assyria, Greece, Rome, Carthage, what are they?
Thy waters wasted them while they were free,
And many a tyrant since; their shores obey
The stranger, slave, or savage; their decay
Has dried up realms to deserts: not so thou;
Unchanged save to thy wild waves’ play,
Time writes no wrinkles on thine azure brow;
Such as creation’s dawn beheld, thou rollest now.

Thou glorious mirror, where the Almighty’s form
Classes itself in tempests; in all time,

Clam or convulsed, - in breeze, or gale, or storm,
Icing the pole, or in the torrid clime
Dark-heaving; boundless, endless, and sublime,
The image of Etemnity, - the throne
Of the Invisible! even from out thy slime
The monsters of the deep are made; each zone
Obeys thee; thou goest forth, dread, fathomless, alone

Lord Byron



Abstract

Poverty Bay, on the New Zealand’s northeast coastline, is a high-energy coastal
embayment that receives significant quantities of fine, fluvial sediment from two
river systems. Examining seabed geomechanical characteristics, sediment fluxes and
morphological features in northern Poverty Bay provided the opportunity to study
interactive processes, including sediment entrainment rates over the cohesively
bound mixed sand/mud seabeds, and the dispersion of a turbid river plume. Three
field experiments and an extensive seabed-sampling programme were undertaken,
and a 2-cell numerical model was developed and validated against infilling rates of
the port of Gisborne navigation channel. The implications for existing and future
operations at the port of Gisborne, including the suitability of capital and
maintenance dredged material for use in reclamation, have been evaluated.

Within the study site, near-bed wave orbital velocities and fluvial inputs control the
spatial variability in the seabed sediment textural characteristics, with the seabed
grain size decreasing with depth and distance from the mouth of the Turanganui
River. A hand-held shear vane was used to quantify the in-situ shear strength of the
cohesively bonded mud/sand surficial sediment, and the in-situ shear strength has
been correlated (R’ = 0.83) with the cumulative effect of several of the sediment
textural and environmental parameters.

Near-bed sediment diffusion and entrainment was examined using an array of micro-
scale inline pumps. The effect that cohesive bonding of the mixed sand/mud seabed
has on retarding the entrainment rate was examined by considering both the textural
and geomechanical characteristics of the seabed. No correlation was found between
the ratios of estimated to predicted near bed reference concentration (£) and either
the median grain size (ds)) or the ratio of percent sand to mud of the seabed.
However, a good correlation was found between { and the normalised in-situ shear
strength (x) of the seabed (adjusted R’ = 0.99), with the relationship of the form,

In(¢)=-0.51-1.304"

The conversion of the downward flux from sediment traps to a time-averaged
suspended sediment concentration (SSC), and near bed reference concentration (Cp)
was found to be critically dependant on the fall velocity statistic (w;) of the grain size
distribution. Due to flocculation of the near-bed suspended sediment, the dispersed
equivalent wy distribution and median w, of the distribution resulted in poor
predictions of Cy. Instead, an in-situ ‘effective’ wy distribution of the suspended
sediment was developed using the measured /; from individual dispersed grain size
bins within the SSC profile and the predicted sediment diffusivity (&). Cp predicted
using the effective wy distribution agreed with pumped samples and theory predicted
Cy, and provided a robust method of determining the time-averaged SSC of mixed
sand/mud sediment using sediment traps.

The diffusion of sediment within the near-bed SSC profile varied as a function of wy,
with relatively finer sediment exhibiting less diffusion. The mixing length (/) profile
was well approximated by a linear profile, with /; varying as a function of elevation
(z) and the von Karman constant (x), i.e. [, =xz. Within 4-8 cm of the bed / is
constant and equal to 0.06 m.

p is defined as the ratio of sediment diffusivity (&) to eddy viscosity (&), and is
commonly used as a correction factor for predictive SSC profile equations. By

i



examining the diffusion of sediment within the near-bed SSC profile a new equation
for f was obtained,
0.4y

I =-0.95-
"h) In(y)

The horizontal diffusion of sediment within the Turanganui River plume was found

to be a function of the distance (x) from the mouth of the Turanganui River and a
decay rate factor (D,), where

- (-%/D,)
C.,=C,e

The form of the equation is similar to the Nielsen time-averaged gradient diffusion
equation. D, was correlated (Rz =0.92) with river discharge (@i.,), and found to
exponentially decrease with increasing ¢@,;,.,, where

D, =591+ 2850 exp(_ “’n’ve% J

The relationship suggests that the effective wy of the suspended sediment within the
plume increases with increasing SSC, presumably due to increased flocculated
particle size. Based on the developed empirical formulae the Turanganui River is
predicted to discharge 7.6x10” kg of fluvial derived sediment into Poverty Bay on an
annual basis.

The developed relationships and formulae that describe the hydrodynamical
processes within northern Poverty Bay have been implemented in a 2-cell numerical
model that considers both downward and horizontal sediment fluxes. The port of
Gisborne shipping channel infilling rate, as determined from hydrographic surveys
and dredging records, was used to validate the model. The 2-cell numerical model
accurately predicts channel infilling rates, and provides an insight into the governing
hydrodynamical processes in northern Poverty Bay. The developed model represents
an alternative to the implementation of a full 3-dimensional hydrodynamic model.

Hydrographic surveys and dredging records show the channel area passes through
the beach nearshore zone, and during the monitoring period maintenance dredging
only maintained the channel design depth along the channel leads, while significant
infilling occurred near the channel edges (44 = -1 m). Extrapolation of the results
suggests an annual channel infilling rate of 171,400 m’ per year, corresponding to a
maintenance dredging cost of approximately $857,000 to $1,200,000 per annum.
Wave and river discharge conditions during the monitoring period were smaller than
average, and more infilling is expected during stormy years.

Relocating the channel and port entrance to a site in deeper water, further from the
mouth of the Turanganui River, with relatively strong seabed in-situ shear strength is
identified as a means of reducing dredging costs. The material dredged from the
shipping channel is suitable for use in land-based reclamation, particularly if the soil
structure is improved by addition of a coarser material such as of the underlying
mudstone unit. The bearing capacity of the reclamation can be improved by mixing
the mud/sand with concrete to create mudcrete.
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Chapter 1. The Research Issues



1.1 Introduction.

Poverty Bay is a high wave-energy coastal embayment on the New Zealand’s
northeast coastline (Figure 1.01 and Figure 1.02), into which two river systems, the
Waipaoa River in the south and the Turanganui River adjacent to the port of
Gisborne in the north, discharge significant quantities of fine fluvial sediment.

Surficial sediments consist of mixtures of sand and mud (Kensington, 1990; Miller,
1981), with the muds cohesively bonding the sediment (Beamsley et al., 1997). The
variability in the relative percents of sand and mud within the seabed sediment in
northern Poverty Bay make it an ideal location to examine, under field conditions,
the high-energy wave-induced sediment entrainment over mixed beds. Only limited
previous research has been undertaken of such systems (Toorman, 2001). Further,
sedimentological and hydrodynamical processes associated with the mixing of fluvial
derived freshwater and more saline oceanic water can be examined by studying the
plume characteristics of the Turanganui River (Figures 1.01 and 1.02).

While is has distinctive features, northern Poverty Bay provides the opportunity to
examine various interactive hydrodynamical and sedimentological processes in a
small, readily accessible locality that is relevant to many coastlines worldwide.
Additionally, investigations into the sediment flux characteristics help to identify the
mechanisms of the physical coastal environment that effect both existing and future
port operations.

The port at Gisborne represents a major export conduit for large volume bulk cargoes
on the North Islands East Coast (Beamsley et al., 1997). The port hinterland extends
northwards, up the East Coast of the North Island, and includes the large maturing
pinus radiata forests of the East Cape. The maturing of the forests within the port’s
hinterland has resulted in a dramatic increase in the port’s forecasted export tonnage
over the next few decades (Figure 1.03). If the port is to transport the expected
increase in export tonnage the existing port needs to expand, both in the usable
storage area and the number of shipping berths capable of handling large (~200 m)
ships. Failure to expand may result in exporters being forced to use other export
corridors, resulting in a potential financial loss to both the port operating company
and the local community due to the trickle-down effect.

Since its conception in the late 1880’s Gisborne’s port has experienced various
operational and engineering issues (largely due to internal seiching), and has required
continual maintenance dredging of the navigation channel and Swinging Basin in
order to maintain an operational water depth (Whyte, 1984). Expansion of the port
provides an ideal opportunity to address these issues, and potentially provide the port
with a significant cost saving by minimising the operational and engineering issues,
currently faced by the port operational company. A proposed port design should not
only seek to minimise internal seiching, but also address the ongoing cost involved
with maintenance dredging. However, in order to ensure that the decision-making
process leads to optimal function, it is vital that the complexities of the physical
processes in northern Poverty bay are understood.

While investigations into seiching within both the existing and proposed port designs
have been undertaken several times in the past (i.e. Black et al., 2002; Black et al.,
1997), the complexities associated with predicting sediment entrainment and



transport of mixed sand/mud sediment (i.e. the horizontal sediment flux) has not
been comprehensively addressed. Additionally, while Miller, (1981) suggests that
the downward sediment flux associated with sediment discharged into northern
Poverty Bay by the Turanganui River may be an important source of sediment to the
area, no previous research into the complex sediment dynamics of the river plume in
the port environs has previously been undertaken. It is the downward and horizontal
sediment fluxes that determine the channel infilling rate and the hence the
maintenance dredging requirements.

L.1.1 Problems facing horizontal sediment flux over mixed sand/mud

seabeds

For mixed sand/mud sediment, when large amounts of sand-sized particles are
present as in the surficial sediment of northern Poverty Bay, the interactive behaviour
between particles of different sizes needs to be understood in order to predict the
sediment entrainment rate. However, Mitchener and Torfs, (1996) noted that the
erosion rate of a mixed sand/mud seabed can be reduced by a factor of 5 if more than
3% mud is added to sand, and reduced by a factor of 10 if more than 20% sand was
added to a mud bed. Therefore, understanding the characteristics of the cohesive
bonding is essential.

The importance of cohesive bonding of the surficial sediment in northern Poverty
Bay was identified by Black et al., (1997), who used a single ‘cohesion factor’ in the
sediment transport modelling of northern Poverty Bay to account for the retardation
of the entrainment rate. While the method employed by Black et al., (1997) proved
adequate for the requirements of that specific study, the wider application of a single
unique factor to describe the seabed cohesive properties could be improved given
more comprehensive knowledge of the relationship between the surficial sediment
characteristics and the retardation of the entrainment rate due to cohesive bonding.
This is also relevant to mixed beds worldwide where similar simplifying assumptions
have been made.

The classification of cohesive bonding is a significant obstacle to predictions of near-
bed reference concentrations over mixed sand/mud seabeds. Toorman (2001) notes
that there have been some studies on sedimentation, consolidation and erosional
characteristics of mixed sand/mud seabeds, but the complexity of the problem is high
because the properties of the aggregates depend on numerous factors, including the
type of sediment, type and concentration of ions in the water and the fluid flow
conditions to name a few. Recent work has focused more on quantifying the effect
of cohesive bonding of the sediment using factors such as the ratio of the sand/mud
mixture (e.g. Chesher and Ockenden, 1997), while work by Kamphuis and Hall
(1983) found that critical shear stress for erosion increased with the plasticity index
of the sediment and the shear strength of the sediment.

1.1.2 Problems facing downward sediment flux prediction in northern

Poverty Bay

Sediment fluxes in Poverty Bay are further complicated by the input of both
suspended and bedload sediment from the Turanganui and Waipaoa River systems.
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Limited information is available on the quantity of sediment discharged into northern
Poverty Bay by the Turanganui River. What estimates are available are based on
either beach accretion rates or 5% of the annual Waipaoa River sediment load
(Gisborne District Council, 1994 respectively; Smith, 1988 and). However, the
estimated volume of sediment discharged into northen Poverty Bay by the
Turanganui River is recognised to be relatively large (Gisborne District Council,
1994; Smith, 1988), with the turbid river plume often highly visible (Figure 1.04).
While previous research has indicated that the Turanganui River may be an
important source of sediment to the area (Miller, 1981), no previous work has
attempted to quantify the impact of the suspended sediment in the plume on sediment
fluxes within northern Poverty Bay, or estimated the impact of the river on channel
infilling rates.

Understanding the horizontal distribution of the sediment within the Turanganui
River plume, and hence the spatial variability in the downward sediment flux,
requires knowledge of mixing process near the mouth of the river, and includes
aspects such as density-driven currents, wind forcing of the surface water and
colloidal flocculation of the relatively fine sediment suspended in the turbid river
plume. Further, in order to extrapolate findings, it is necessary to be able quantify
the volume of sediment discharged from the river.

1.2 Research Objectives

This study focuses on processes and mechanisms influencing both the horizontal and
downward sediment fluxes, and the complexities associated with predicting sediment
transport over the mixed sand/mud surficial sediment. Understanding the variability
in sediment fluxes will aid the port operating company in making well-informed
decisions on proposed port designs, and budgeting. This has been recognised by the
management at Port Gisborne Ltd., who were implemental in initiating this study.
Many ports worldwide are confronting the same problems.

As such, this study aims to examine aspects of the suspended sediment profile, and
develop a method of quantifying the effect that cohesive bonding of the surficial
sediment has on retarding the sediment entrainment rates and hence the horizontal
sediment flux. Further, the discharge of the Turanganui River is examined, including
mixing of the freshwater from the river and the saline oceanic water, the spatial
variability in the turbid river plume, and the associated downward sediment flux.

The aims of the study are:

1. to map the spatial variability in the surficial sediment characteristics in
northern Poverty Bay, New Zealand (Figure 1.01), including the heavy metal
content, the textural characteristics and the organic content of the surficial
sediment.

2. to investigate the geomechanical properties of the surficial sediments
(including in-situ shear strength) and underlying country rock within the
shipping approach channel to evaluate their potential for use in land
reclamation, and for use in sediment entrainment investigations.



3. to expand on the understanding of the vertical variability in the near-bed
wave induced suspended sediment concentration (SSC) by examining
concentration profiles using direct measurements of the SSC, and examining
the relationship between the eddy viscosity (&) and sediment diffusivity (&)
for varying grain sizes within the SSC profile.

4. to investigate sediment entrainment rates over the cohesively bound mixed
sand/mud seabeds found in Poverty Bay, and develop a relationship between
the entrainment rate to the geomechanical properties of the surficial sediment.

5. to investigate the spatial variability and mixing characteristics of the
Turanganui River plume, and to quantify the volume of sediment discharged
into northern Poverty Bay by the river. This will aid in an understanding of
the distributional characteristics of the sediment suspended in the turbid river
plume, and hence the downward sediment flux.

6. to develop and calibrate a numerical model that uses the formulae and results
derived during the study to predicting channel infilling rates.

1.3 Attaining the Objectives

Chapter 2 describes the state of knowledge of the physical processes operating in the
study site, including wave/current characteristics, sediment transport and distribution
patterns.

Chapter 3 describes the spatial variability in the seabed textural characteristics, as
well as the heavy metal and organic content of the surficial sediment. The research
utilises geo-referenced side-scan sonar imaging and ground truthing, while factor
analysis techniques are used to correlate seabed sediment characteristic.

Chapter 4 examines the geomechanical properties of the surficial sediment, and the
rock unit underlying the seabed sediment. The spatial variability in the in-situ shear
strength is examined and correlated with sediment characteristics from Chapter 3.
Further, Atterberg Limits of the surficial sediment are examined in order to
determine aspects of the seabed behaviour under different pore-water content,
including at what point the sediment begins to behave as a liquid (i.e. fluid mud).
Additionally, geomechanical aspects of both the surficial sediment and the
underlying rock unit are examined in order to determine their suitability for use in
land-based reclamations.

Chapter 5 examines suspended sediment concentration (SSC) profiles over mixed
sand/mud beds in a high-energy environment over a l-minute period, including
examining the gradient diffusion of different grain sized sediment within the near-
bed suspended sediment profile. The chapter investigates the relationship between
eddy viscosity (&) and sediment diffusivity (&), and aims to determine the near-bed
wave orbital statistic that best predicts the vertical diffusion of sediment within the
SSC profile.

Chapter 6 examines near-bed reference concentrations (Cy) over mixed sand/mud
beds in a high-energy environment over a 1-minute period. The chapter investigates
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the relationship between geomechanical characteristics, textural parameters and near-
bed reference concentrations, developing theories and formulae that will be used to
predict channel infilling rates. The chapter aims to correlate the retardation of the
entrainment rate due to cohesive bonding of the surficial sediment with the
geomechanical parameter — the in-situ shear strength. Further, the chapter aims to
determine the near-bed wave orbital statistic that best predicts Cy.

Chapter 7 applies the findings from Chapters 5 and 6 over a longer time period in
order to determine the suitability of using the developed formulae for predicting
horizontal sediment fluxes. Further, the chapter develops methods of determining the
effective fall velocity distribution of the sediment in suspension using the
relationship between the measured mixing lengths () of the individual dispersed
grain sizes and sediment diffusivity (&). The effective fall velocity distribution is
used to predict time-averaged near-bed reference concentration obtained from
sediment traps.

Chapter 8 examines the mixing zone of fresh and salt water at the mouth of the
Turanganui River (Figures 1.04 and 1.05). The spatial variability of the river plume
is investigated and the distribution characteristic of the turbid water in the river
plume examined. Further, the approximate volume of sediment discharged into
Poverty Bay by the Turanganui River is predicted based on extrapolation of the
measured SSC in the surface water of the river plume.

In Chapter 9 a two-cell numerical model of the shipping channel is developed that
incorporates the results and formulae developed in Chapters 2 to 8. The model
considers both horizontal and vertical sediment fluxes, and accounts for the
retardation of the entrainment rate due to cohesive bonding of the surficial sediment.
The numerical model is used to validate the developed formulae by comparing
predicted channel infilling rates with the infilling estimated from hydrographic
surveys and maintenance dredging records.

Chapter 10 summarises the findings of the study, and examines the implications for
both the exiting port and future port designs, including suggestions of how the
development of future port designs can provide a significant cost-saving to the port
in terms of minimising maintenance dredging requirements. Further, the chapter
provides a guiding strategy for future research into the hydrological and
sedimentological processes in northern Poverty Bay,
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Figure 1.01 Location and seafloor topography map of Poverty Bay, East Coast
New Zealand. Also shown are the locations of the Gisborne’s port in the
northern confines of the bay, and the Waipaoa and Turanganui Rivers.

Poverty Bay is bounded between two rocky headlands, Tuaheni Point and
Young Nicks Head (Te Kuri).
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Figure 1.02 Location and bathymetry map of northern Poverty Bay; East Coast
New Zealand, showing location of the port adjacent to the Turanganui River,
the ports shipping approach channel, and the beaches around the city of
Gisborne.
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Figure 1.03  Log tonnage projections for the port of Gisborne to the year 2030

A M B A
Figure 1.04  Aerial photograph of the port of Gisborne environs illustrating the
extent of the turbid water in the Turanganui River plume. The downward flux
associated with the discharging of turbid water from the Turanganui River in
northern Poverty Bay has not previously been examined in detail (Source
Prof. Terry Healy, Waikato University).
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Figure 1.05 Port Gisborne Ltd. environs showing location of Turanganui River
adjacent to the port. The water in the river is shown to be significantly more
turbid than the water within the either Kaiti Basin, the Swinging Basin or
within Poverty Bay (Source Bevan Turnpenny, Turnpenny Associates).
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2.1 Introduction

The chapter focuses on how the mechanisms and processes effect the morphological
and hydrological environment on both a bay-wide scale and within northern Poverty
Bay, focusing on the cause and effect of sedimentation problems facing port

operations in northern Poverty Bay, particularly the processes that influence
sediment transport.

The geomorphology of greater Poverty Bay area is examined. The supply of
sediment to the bay from both coastal erosion and fluvial sources and the state of
knowledge of the surficial sediment distribution patterns are reviewed. Further, the
existing knowledge on the wave and current (tidal, wind, oceanic, density and
temperature driven) characteristics are summarized, and climatic processes
(temperature ranges, precipitation and wind) are investigated.

2.2 Continental Shelf, Shoreface  Origin and
Geomorphology

To gain a full understanding of the physical environment in Poverty Bay, the
geological setting and geomorphology of the East Coast of New Zealand’s North
Island needs to be considered, including the physical orientation of the Bay and the
geological consequences of the bays location.

The East Coast of New Zealand’s North Island is situated on the leading edge of an
active plate margin located between the Pacific Plate to the east and Indian-
Australian Plate to the west (Figure 2.01); with the Hikurangi Trench lying at the
apex of the subduction zone (Moore, 1988; Riddolls, 1987; Suggate et al., 1978a;
Suggate et al., 1978b). The coastline exhibits typical aspects of a collision coast as
classified by Inman and Nordstrom (1971).

Poverty Bay, on the East Coast of the North Island, forms an approximately 13.4 km
semi-circular embayment, bounded to the north by Tuaheni Point and to the south by
Young Nick’s Head (Figure 2.02). The bay is linked to the inner continental shelf
through a 10 km wide entrance (Figure 2.02). The shelf extends approximately
20 km offshore from the entrance, with water depth increasing to in excess of
2000 m within the Hikurangi Trench (Wards, 1976). The bathymetry of the bay is
relatively simple with depth contours within the bay largely shore parallel, however
greater topographic complexity is evident about the two headlands fringing the bay
(Figure 2.02). Surficial sediment gradates from fine sand near the exposed beaches
to mud and fine sand with depth (Kensington, 1990; Miller, 1981; Navy, 1989).

Poverty Bay lies on the East Coast Allochthon (Figure 2.03) that forms the north-
eastern block of New Zealand’s eastern structural belt (Moore, 1988). The East
Coast Allochthon is comprised of Cretaceous argillite, Tertiary sandstone and
mudstone, and Quaternary alluvium and coastal sands that form the flood plains of
Poverty Bay (Figure 2.04). There are also scattered areas of diapiric structures
within the Tertiary sediment that are interpreted as a late Kaikoura Orogeny
development (Suggate et al., 1978a; Suggate et al., 1978b). The Kaikoura Orogeny
is responsible for much of the tilting, folding, and faulting found in the sediments
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within the East Coast Allochthon (Kingma, 1974; Riddolls, 1987; Suggate et al,,
1978a; Suggate et al., 1978b). The Kaikoura Orogeny began in the Miocene and
continues into the presence, manifesting itself in high regional uplift rates (Pillans,
1986) and the common occurrence of earthquakes, generally with shallow foci
(Hamilton et al.,, 1966). On average there are approximately 13 earthquakes of

magnitude 4.0 or greater on the Richter scale occurring annually within a 100 km
radius of Gisborne (Hamilton et al., 1966).

2.3 Sediment Supply to Poverty Bay

2.3.1 Fluvial Sediment Inputs into Poverty Bay

Two main river systems discharge into Poverty Bay, the Waipaoa River in southern
Poverty Bay and the Turanganui River in northern Poverty Bay, adjacent to the port
of Gisborne (Figure 2.02). Together the two rivers deliver sediment to Poverty Bay
carried in suspension and as bedload. The volume of sediment discharged both as
suspended and bedload is influenced by,

1. The lithologies that make up the catchments of the Waipaoa and Turanganui
rivers (Claridge, 1960; Griffiths and Glasby, 1985; Smith, 1988),

2. The vegetation within the catchments (Claridge, 1960; Smith, 1988),
3. Seismic activity on the East Cape (Reyners, 1989), and

4. The occurrence of high intensity rain fall events, including the frequent
occurrence of tropical cyclones impinging on the area (Hessell, 1980).

High sediment loads from the Waipaoa and Turanganui River systems are due, in
part, to the rivers drain faulted and highly erodible Tertiary sandstone and mudstone
and crushed Cretaceous argillite hill-country catchments (Figure 2.04).
Respectively, the Wai;z)aoa and Turanganui River systems drain catchments of
approximately 2203 km?” and 220 km? (Griffiths and Glasby, 1985; Smith, 1988).

Using survey data and historical aerial photographs Smith (1988) found that
deforestation, associated with European settlement of the Waipaoa and Turanganui
catchments, has resulted in the volume of sediment supplied to Poverty Bay beaches
increasing by approximately 34% for both the Waipaoa and Turanganui rivers
(Table 2.01).

Also, the East Coast of New Zealand, and hence Poverty Bay, experiences high rates
of regional uplift, with Pillans (1986) estimating Recent regional uplift rates as high
as 1-3mm.y”. The high regional uplift rates permit rapid incision of streams and
rivers into the highly erodible catchment rocks, thereby over-steeping the slopes and
making them more susceptible to erosion (Pillans, 1986).

Elevated sediment loads (both bedload and suspended) occur in winter months as a
result of the higher average rainfall during winter (Foster and Carter, 1997). The
occurrence of tropical and extra-tropical depressions on the East Cape during
summer and autumn months also results in high regional rainfall (Hessell, 1980) and
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hence relatively large quantities of sediment are expected to be discharged from the
river systems during these events.

2.3.1.1  Suspended Sediment River Discharges

An estimated 12.1x 10° tonnes of suspended sediment is discharged into Poverty
Bay from the Waipaoa River on an annual basis (Griffiths and Glasby, 1985),
whereas the Turanganui River is estimated to contribute approximately 5% of the
Waipaoa River, i.e. ~0.69x10° tonnes.yr” of sediment into Poverty Bay (Gisborne
District Council, 1994). This corresponds to a catchment specific annual suspended
yield of 5856 tonnes.km™ and 3136 tonnes.km™ per year for the Waipaoa and
Turanganui Rivers respectively, where the catchment specific annual yield is
calculated as:

Catchment specific suspended yield = Combined suspended sediment load

(2.01)

Catchment area

Therefore, based on data collected by Griffiths and Glasby (1985) the catchment
specific annual suspended yields for the Waipaoa and Turanganui rivers are the 8"
and 10™ largest in New Zealand respectively.

2.3.1.1 Bedload Sediment River Discharges

As well as discharging sediment into Poverty Bay in suspension, both the Turanganui
and the Waipaoa rivers discharge sediment carried as bedload into the bay. Griffiths
and Glasby (1985) define bedload as that material too coarse to be sampled by a
suspension sediment sampler, i.e. the gravel class range of the Wentworth Scale
(Appendix I) as defined by Folk (1968). The amount of sediment being discharged
as bedload is highly dependent on the flow-rate of the river and therefore the
proceeding rainfall in the river catchment. As such, bedload volumes show a
seasonal variability, with a combined summer average for both the Waipaoa and
Turanganui rivers of 0.2 x 10°tonnes.yr' and a combined winter average of
1.25x 10° tonnes.yr" (Foster and Carter, 1997).

2.3.2 Sediment Inputs from Coastal Erosion.

Gibb (1978) identified areas of localized cliff erosion occurring at Tuaheni Point and
Sponge Bay (Figure 2.02). Additionally, Miller (1981) demonstrated that the steep
cliffs at Young Nick’s Head were also a source of some material, as evidenced by the
increase in rock fragments in sediments close to Young Nick’s Head and the trends
of heavy minerals in beach sediments. Smith (1988), based on aerial photographs
and surveys, estimates approximately 2000 m> of sediment annually is deposited
onto Poverty Bay beaches from both the cliffs east of Kaiti Beach and the cliffs of
Young Nick’s Head (i.e. 4000 m’ total, Table 2.01).
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2.3.3 Sediment Supply to Poverty Bay Beaches

Smith (1988) noted that the net sediment budget for beaches in Poverty Bay is
positive and estimates that the Waipaoa and the Turanganui River supply
~47,000 m’.yr"' and 4000 m’.yr" of sandy sediment respectively onto the Poverty
Bay beaches (Table 2.01). The high volume of sediment being deposited onto the
beaches in Poverty Bay has resulted in beach progradation Smith (1988). Using
survey and aerial ?hotographs Smith (1988) calculated beach progradation rates of
between 0.5m.yr" and 5.6 m.yr' (Table 2.02), with an average of 1.6 m.yr'.
Highest progradation rates are found near the mouth of the Waipaoa River
(Table 2.02, Figure 2.05) and decrease with distance. Smith (1988) also noted
relatively higher progradation rates on the beaches to the south of the Waipaoa River
(Table 2.02 and Figure 2.05), suggesting a southerly directed net sediment transport.
Pullar and Penhale (1970) suggest that the relatively high volume of sediment
discharged into Poverty Bay from the Turanganui and Waipaoa Rivers is causing a
gradual infilling of the bay. The Poverty Bay lowlands are believed to have
originated from this gradual infilling and are characterized by Quaternary rocks and
unconsolidated gravelly, sandy or silty pumiceous sediment (Kingma, 1964; Kingma,
1965).

2.4 Surficial Sediment Distribution

The deposition of sediment into Poverty Bay (from cliff erosion and river
discharging) and the sediment entrainment and transport processes operating in the
bay control the distribution and extent of the textural types.

Miller (1981) identified five surficial sediment textural types in Poverty Bay;
1.  Well sorted sands near the beaches,
il.  Moderately well sorted silty-sands covering most of the bay,
iii.  similar to (ii), with more clay evident in the southern comer of Poverty Bay,

iv.  a patch of finer sediment near Young Nick’s Head, relative to that occurring
in (ii) and (ii1), and

v.  poorly sorted material in and adjacent to the dredge spoil mound.

Surficial sediments in Poverty Bay are comprised of predominantly Sand and Mud
(Silt and Clay) size classes. Relatively coarse sands are found on the beaches and
near the mouth of the Waipaoa River, with silty fine sand and mud extending
offshore (Beamsley et al., 1998; Kensington, 1990; Miller, 1981; Sander, 1993).
Foster and Carter (1997) noted that the transition zone between predominantly Sand
and Mud surficial sediments showed some temporal variability, which they attributed
to seasonal climatic changes. The offshore fining of the surficial sediment reflects
the increase in the strength of the dominant sediment entrainment process (wave-
orbital currents) with decreased depth, which winnows out the finer sediment closer
to shore (Miller, 1981).
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As well as the offshore fining of the surficial sediment relatively finer surficial
sediments are found in the southern part of the bay in the vicinity of Young Nick’s
Head (Miller, 1981). The finer surficial sediment in the southern part of Poverty Bay
is most likely due to the combination of high fine sediment input from the Waipaoa
River and the sheltering effect that Young Nick’s Head has on waves approaching
from the southerly direction (Black et al., 1997). Additionally, Foster and
Carter (1997) noted the presence of a lobe of sediment originating from the Waipaoa
River that extends out through Poverty Bay and over the continental shelf. As with
the Waipaoa River, Beamsley et al., (1998) note the presence of a lobe of relatively
fine surficial sediment about the mouth of the Turanganui River (Figure 2.06).
Beamsley et al., (1998) also note an increase in the mean grain size of beach
sediment with distance from the mouth of the Turanganui River, presumably a
function of the availability of sediment for deposition and the entrainment and
transport processes dominating in the environs near the mouth of the river.

Sediments in the Swinging Basin at Gisborne’s port (Figure 2.06) are characterized
as Silt and are finer than other surficial sediment found in northern Poverty Bay
(Beamsley et al., 1998), reflecting the amount of sediment available for deposition
and the sediment transport processes operating in the Swinging Basin (Beamsley et
al., 1997).

The bulk mineral composition of the surficial sediment in Poverty Bay is similar
owing to the common source (Miller, 1981). Indeed, Claridge (1960) notes that all
the sedimentary rocks in the Turanganui and Waipaoa River catchments have similar
mineralogical contents. However, some longshore variation in opaque and heavy
mineral compositions of the beach sediments has been observed (Miller, 1981).
Opaque minerals, such as hypersthene and augite, have been found to diminish with
distance away from the Waipaoa River, whilst the heavy mineral composition on
Kaiti Beach is distinct from the rest of the beaches in Poverty Bay (Miller, 1981). It
is likely that the heavy mineral composition on Kaiti Beach is derived, in part, from
the localised erosion of the wave-cut platform and the local cliffs (Miller, 1981).
The variation in heavy mineral composition between Kaiti Beach and the other
beaches in Poverty Bay is due to the existing port breakwater acting to prevent
sediment from the Kaiti Beach littoral system entering the littoral zone off Waikanae
Beach (Healy et al., 1980). Bay-wide, surficial sediment typically contains less than
10 % carbon. The organic carbon is derived from the degeneration of plant matter
deposited onto the Poverty Bay beaches, whilst inorganic carbon comprises mainly
Bivalve shells (Miller, 1981).

2.5 Climatic Processes

New Zealand has a maritime climate consisting of easterly moving anticyclones and
low-pressure troughs, with associated frontal systems. Typically, low-pressure and
frontal systems bring strong north to north-westerly winds; while high-pressure
systems produce more settled conditions with winds usually from the south to
southwest (Quayle, 1984). Pickrill and Mitchell,(1979) note a 5-11 day quasi-cyclic
rhythmic pattern in the passage of successive troughs of low pressure crossing New
Zealand. Additionally the northern part of New Zealand periodically experiences
tropical cyclones and extra-tropical depression (Pullar, 1962).
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Qlimatic conditions in Poverty Bay have been recorded at the Gisborne aerodrome
since 1937, and are summarized by Hessell (1980). Typically the region experiences

a large number of sunshine hours per year, with mild temperatures and low wind
speeds.

In prevailing north-westerly winds, Poverty Bay experiences orographic rain
shadowing, resulting from the perpendicular orientation of the Raukumara Range to
the passage of frontal and low-pressure systems tracking across New Zealand,
resulting in warm and dry conditions in Poverty Bay. Conversely, in easterly
situations, uplift caused by the Raukumara Ranges often results in high rainfall
intensities at all altitudes (Hessell, 1980).

2.5.1 Temperature and Humidity

Gisborne’s mean annual air temperature ranges from 9° C in the winter to a summer
average of 20° C. The Gisborne region experiences an average of 65 days per year
where the air temperature exceeds 24° C, and six where the air temperature exceeds
30° C (Hessell, 1980). In his summary of atmospheric records from between 1937
and 1980, Hessell,(1980) noted air temperatures as high as 38° C during summer
months and as low as —3.4° C during winter months. Low temperatures in winter are
often caused by katabatic drainage of cold air from the surrounding hills (Hessell,
1980). Ground frosts have been recorded in all months except January and February,
however the frequency has not been great (Pullar, 1962). Relative humidity ranges
from 62% in December to 82% in July (Pullar, 1962).

2.5.2 Precipitation

Rainfall event intensities on New Zealand’s East Coast exhibit both spatial and
temporal variability. Highest mean monthly rainfalls occur in the winter months
(Hessell, 1980), however high rainfall events associated with the impinging of
tropical and extra-tropical depressions on the region occur periodically in the
summer and spring months (Pullar, 1962). Northerly and south-easterly winds are
the principle rain-producing winds on the East Cape and the spatial variability in
rainfall distribution reflects the control topography has on these winds. Coastal mean
rainfall along the East Coast varies between approximately 2000 mm (at Waipiro
Bay) and 1000 mm near Manutuke (Figure 2.07). As shown in Figure 2.07, mean
annual rainfall on the alluvial flood plains of Poverty Bay is approximately
1000 mm/yr, whereas mean annual rainfall in parts of the Raukumara Range is
estimated to exceed 4000 mm/yr, however in the more southern parts of the divide
and in the Waipaoa River catchment the mean annual rainfall is not expected to
exceed 2800 mm/yr (Hessell, 1980).

2.5.3 Wind

Wind causes dynamic forcing of the water, and in Poverty Bay has the ability to
direct the Turanganui and Waipaoa River plumes (Black et al., 1997) and create sea
and swell waves that can entrain surficial sediment.
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Mean annual wind speed at Gisbomne is approx1mately 3-m.s”!, while on average
gusts greater than 63 km.h™' are recorded 48 days in the year, and gusts in excess of
96 km.h™ occur only once or twice per year (Hessell, 1980). During spring, summer
and autumn months the development of localized Hadley convection cells result in
afternoon sea breezes, with winds of up to 26 km.h™' being recorded, particularly
during anticyclone conditions (Hessell, 1980; Smith, 1988).

The predominant wind direction is northwest (Figure 2.08). Due to the formation of
sea breezes there are markedly fewer north-westerly winds below 20 km/h in the
afternoon hours (1200-1700 NZST) than in the moming. Conversely, during the
afternoon hours winds directed from southeast reach a maximum, suggesting that the
sea breeze is of considerable strength. Winds from the southwest and northeast
occur relatively infrequently (Figure 2.08).

2.5.4 PDO and ENSO effect on the Poverty Bay Climate

Given New Zealand’s location in the southwest Pacific Ocean there exists the
potential for weather systems in New Zealand to be influenced by El Nifio Southern
Oscillations (ENSO) and Pacific Decadal Oscillations (PDO).

Nicholls (1992) notes that ENSO is a significant source of seasonal and year-to-year
climate variability in New Zealand. The strength of the ENSO is quantified using the
Southern Oscillation Index (SOI), which is a measure of the pressure difference
between Tahiti and Darwin. Anomalously low values of this index correspond to El
Nifio conditions, while the opposite conditions, with an anomalously high SOI value,
are called La Nifia. In El Nifio conditions, New Zealand tends to experience stronger
and more frequent winds from the west in summer, resulting in droughts in east-coast
areas such as Poverty Bay. In winter, the winds tend to be more from the south,
bringing colder conditions to both the land and the surrounding ocean. This typically
results in more annual rainfall in Poverty Bay over the winter months during El Nifio
conditions, and hence the potential for increased sediment discharge rates into the
bay from both the Waipaoa and Turanganui River systems. The La Nifia events that
occur at the opposite extreme of the Southern Oscillation Index cycle have relatively
weaker impacts on New Zealand's climate, with New Zealand tending to experience
more north-easterly winds, bringing relatively moist, rainy conditions to the
northeast parts of the North Island (i.e. Poverty Bay). The last La Nifia event was in
1996. East coast droughts may be common during El Nifios, but they can also
happen in non El Nifio years (for example, the severe 1988-89 drought). Serious east
coast droughts do not occur in every El Nifio and the districts where droughts occur
can vary from one El Nifio to another (Mullan, 1996).

Salinger and Mullan, (1998) have identified a long lasting “shift” in New Zealand’s
climate that occurred around 1977, which they believe is due mainly to a Pacific-
wide natural fluctuation that is being termed the Pacific Decadal Oscillation, or
PDO, as identified by Mantua et al., (1997). The PDO appears to exhibits phase
reversals about once every 20-30 years. The influence of the PDO is well known in
the northern Pacific, and has recently been noted in Australian rainfall data (Power et
al., 1998). The north and east of the New Zealand’s North Island has become 10
percent drier and 5 percent sunnier with more droughts in the last 20 years, which
Salinger and Mullan (1998) attribute to the Pacific Decadal Oscillation (PDO). The
changes have resulted from the strengthening of the anti-cyclonic belt that brings fair
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weather to northern New Zealand, and squeezing the stronger westerly wind belt
over southern and central New Zealand (Salinger and Mullan, 1998). With a reverse
in the PDO, the east coast of New Zealand can expect wetter and cooler conditions
relative to the current phase of the PDO.

2.6 Wave Climate

2.6.1 Previous Studies and Measured Wave Data

Several investigations into the deep-water wave statistics off New Zealand’s East
Cape and within Poverty Bay have been undertaken.

Harris et al.,, (1983) using a Datawell Wave Rider accelerometer, measured deep-
water wave characteristics off Hicks Bay (Figure 2.09) over a 10-month period
between March to December 1979. The deployment site was located in
approximately 35 m water depth and was open to waves arriving directly from 310°
to 90° T, and with refraction from 270° to 180° T (Figure 2.09). Harris et al., (1983)
noted that the site was well situated for recording waves generated by tropical and
subtropical wind systems. The maximum significant wave height (Max H;) recorded
during the Hicks Bay deployment was 5.2 m, with a mean significant wave height of
1.55m. The mean wave period of the data was 9.4 s, with a maximum peak wave
period of T = 15 s (Table 2.03).

Miller (1981) used wave data collected from a Wave Rider Buoy deployed in
Poverty Bay by the Ministry of Works and Development (M.W.D.). The record
spanned approximately 7 months between 17" December 1979 and 18" July 1980.
The mean wave height and period recorded during the M.W.D. Wave Rider Buoy
deployment was 1.04 m and 8.72 s respectively (Table 2.03).

Additionally, Black et al. (1997) noted that deep-water wave statistics were measured
by The Ministry of Works Department (M. W.D.) from a Wave Rider Buoy deployed
off Tatapouri Point, 10 km north of Poverty Bay (Figure 2.10). The Wave Rider
Buoy record, spanning 28 months between 11th May 1982 and 27th September 1994,
provides a comprehensive long-term record of deep-water wave characteristics in the
vicinity of Poverty Bay. Wave statistics from the Tatapouri deployment exhibit
some similarity to both the Hick’s Bay and the M. W.D. deployment data. Maximum
and mean significant wave heights were 52 m and 1.2 m respectively. The
maximum wave period was T=20.2s and the mean wave period over the
deployment period was T = 8.1 s.

Deep-water wave statistics were also measured within Poverty Bay in 1996 using an
InterOcean S4DW wave/current meter. The Centre of Excellence in Coastal
Oceanography and Marine Geology collected the wave/current data during the 1996-
97 Assessment of Environmental Effects (AEE) investigation as part of Port
Gisborne Ltds’ resource consent application process. The wave/current meter was
deployed on a taut mooring in 20 m water depth, 10 m below the water surface in
central Poverty Bay (CMI, Figure 2.09). The maximum wave height was
Hppax = 3.97 m and the root-mean-squared wave height over the deployment period
was H,,;=1.57 m. Maximum and mean wave periods over the deployment period
were T, =16.52 s and T=10.71 s respectively.
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2.6.2 Inferred Poverty Bay Wave Climate

As the port at Gisborne is exposed directly to wave approach angles between 200°
and 150°T, the Tatapouri Point Wave Rider Buoy data are more likely to be typical
of Poverty Bay wave characteristics than are the Hicks Bay data. Additionally, the
28-month Tatapouri wave record is more comprehensive than the shorter 10 month
Hick Bay record. However, there is a good comparison between the significant wave
height and peak period of the Hicks Bay and AEE wave data record (Table 2.03),
although this may be due to a seasonality in the wave record as both datasets were
recorded over winter months, the 4EE data set being between July and August, and
the Hicks Bay data including autumn through to spring. Indeed, Black et al., (1997)
note that the incidence of larger mean wave heights measured during the AEE field
data collection period is an expected response to the winter wave climate. Maximum
significant wave heights were similar for the two deep-water wave records as were
the largest waves recorded (7.8 m at Hicks Bay and 8.3 m at Tatapouri Point).
Black et al., (1997) concluded that given the proximity of the Tatapouri Point
deployment site to Poverty Bay and the sheltering of the Hicks Bay recorder from the
southerly swells (which directly affect Port Gisborne, Figure 2.09) inference between
the long term deep-water wave climate and the wave record collected during the
AEE, is best made using the Tatapouri Point data.

Maximum significant wave heights and peak periods for the entire data set were
greater for the 28-month Tatapouri Point deployment than for the AEE deployment
(Table 2.03). The maximum wave height recorded during the AEE two-month
period was approximately H,, =4 m (Table 2.03), which was equalled or exceeded
21 times over the 28 month Wave Rider Buoy deployment (Black et al., 1997). The
maximum deep-water wave height recorded during the Tatapouri Point deployment
was Huq = 8.3 m (Table 2.03). The mean spectral period for the Tatapouri dataset is
T'=8.1 seconds, and 7= 10.7 seconds for the AEE dataset (Table 2.03). Maximum
spectral periods for the Tatapouri and AEE deployments are 7p =20.2 and 7p = 16.5
seconds respectively (Table 2.03). Differences in measured spectral periods between
the two deployments are most likely due to the time frame of the records and the fact
that the wave/current meter in the AEE deployment was on a taut mooring
approximately 10 m below the surface, resulting in the attenuation of some of the
higher frequency wave data.

2.6.3 20-year Hindcast Wave Characteristics

20-year hindcast directional wave data at the entrance to Poverty Bay (Figure 2.10)
was obtained from NIWA. The data was generated using a 3™ generation WAM
(Wave Action Model) numerical model, which accommodates the processes of wind
generation, white-capping and bottom friction, and includes a direct estimate of non-
linear energy transfer through four-wave interactions.

Figure 2.11 illustrates the wave height probability of occurrence based on the
hindcast data. The wave height occurrence data displays a typical Chi-square
distribution; with an average and medium significant wave height (Hj;,) at the
entrance to Poverty Bay of approximately 1.3 m and 1.15 m respectively, while the
maximum predicted wave during the 20-year period is 7.8 m (Figure 2.11). Further,
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based on the hindcast wave data the predominant wave direction is towards the NW,
i.e. coming from the SE quarter (Figure 2.12). Joint probability statistical analysis
illustrates that larger wave events are more likely to originate from the southerly
quarter (Figure 2.13), while the predominant peak wave period ranges between 8-
11 s (Figure 2.14). The largest wave predicted in the 20-year hindcast data is 7.8 m.

Extremal probability distribution analysis of the wave height data in accordance with
the method outlined by the U.S. Army Corps of Engineers (United States Army
Corps of Engineers, 2001) was conducted to determine the wave magnitude of
different return period storm events. Extremal probability distribution analysis
extends available information bases to a longer time period by generating additional
realizations of the process and ensuring that the realizations are statistically
consistent with known information (United States Army Corps of Engineers, 2001).
Different probability distribution functions were investigated (Fisher-Tippett Type 1
and 2, Weibull distribution with £ = 1, 1.4 and 2) in order to identify the distribution
function that best represents the data. The magnitude of the waves with return
periods of 2, 5, 10, 25 50 and 100 year are given in Table 2.04, along with the
standard deviation, 95% confidence intervals and the probability of occurrence.
Based on the extremal probability distribution analysis wave heights of 8.29 and
8.91 m are expected for storms with return periods of 50 and 100 years respectively
(Table 2.04).

2.7 Oceanic Currents over the Continental Shelf

The East Cape and the Wairarapa Counter Currents (also known as the Canterbury
Current or as an extension of the Southland Current) are the dominant oceanic
currents off the East Coast of New Zealand’s North Island (Chiswell, 1999b; Heath,
1975).

The East Cape Current is a geostrophic current comprising a surface tongue of
subtropical water that runs southwards along the east coast of the North Island,
seaward of about the 1000 m isobath (Chiswell and Roemmich, 1998; Heath, 1975).
The current extends southwards to approximately the latitude of Cape Palliser
(~ 42°S) at which point the current bifurcates and part of the current turns back on
itself and heads northeast-wards (Figure 2.15). The remainder of the East Cape
Current flows into and along the subtropical convergence, providing the northern
source of subtropical water to the Subtropical Convergence Zone (Figure 2.15).

As illustrated in Figure 2.15, the Wairarapa Counter Current brings subtropical
water, though of a lower temperature and salinity, from the south along the east coast
of the South Island into the Subtropical Convergence Zone over the Chatham Rise
(Chiswell and Roemmich, 1998; Heath, 1975). Part of the Wairarapa Counter
Current extends northwards along the east coast of the North Island. The extent to
which the Wairarapa Counter Current extends up the east coast is open to some
debate. Ridgway (1960), in his study of circulation in Hawke Bay, noted a residual
northerly-directed current in surface water that did not appear to be related to the
winds over the bay. In contrast, Chiswell and Roemmich (1998) note a southerly-
directed residual current off the east coast, north of Poverty Bay. Based on
temperature and salinity profiles and seafloor topography Chiswell (1999a) believes
that much of the Wairarapa Counter Current re-circulates into the East Cape Current
near Mahia Peninsula. However, some current meter data off Waipiro Bay showed

21



oscillating shelf currents with a small mean flow to the northeast. On the continental
shelf directly offshore from Poverty Bay Stephens (1999) found that over a 38-day
current meter deployment residual currents were directed northwards, though with an
average speed of only 0.014 m.s”, as opposed to approximately 0.20 m.s” south of
Mahia (Chiswell, 1999a). Further, Stephens (1999) was of the opinion that on a
daily basis the wind would be far more influential in ocean circulation patterns off
Poverty Bay, and that the shelf currents offshore of the bay appear variable with no
one direction dominating.

2.8 Poverty Bay Circulation

Black et al., (1997) notes that current dynamics in Poverty Bay are spatially complex
and temporally variable. This complexity is due to the processes forcing the current
patterns within the bay and include,

Inner continental shelf currents’

River discharging,

Wind up-welling / down-welling,

Vertical mixing due to salinity and temperature gradients, and
Tidal currents.

N W=

2.8.1 Oceanic driven Currents in Poverty Bay

Circulation gyres within the water column in Poverty Bay have been observed by
numerous authors, including Williams, (1966), Miller, (1981), Kensington, (1990),
Black et al., (1997), and Stephens et al., (1999). The direction of gyre rotation is
inherently linked with shelf currents. Numerical modelling, by Black et al., (1997)
illustrates that with a northerly flowing shelf current an anti-clockwise gyre is
established within Poverty Bay (Figure 2.16), whereas with a southerly flowing shelf
current a clockwise rotating gyre is seen (Figure 2.17). Due to the orientation and
the seafloor bathymetry of Poverty Bay the dominant gyre appears to flow in an anti-
clockwise direction (Stephens et al., 1999). Tuaheni Point in the north of the bay
acts to deflect southwest flowing shelf currents offshore away from the bay, while
currents flowing northeast are deflected into Poverty Bay by Tuaheni Point to enter
along the deeper northeast side of the bay (Stephens et al., 1999). The northeasterly
flowing current is likely reinforced by the Coriolis influence, which in the southern
hemisphere deflects currents to the left, and therefore has the potential to reinforce
the potential for gyre creation in Poverty Bay.

2.8.2 Wind Currents in Poverty Bay

Up-welling in Poverty Bay has been observed in conjunction with offshore winds in
excess of 5m.s” in both acoustic Doppler current profiles and three-dimensional
numerical modelling (Stephens et al.,, 1999). Offshore (NW) winds occur
approximately 45% of the time, and exceed 5 m.s™ for 15% of the time (Figure 2.08),
and therefore up-welling is expected to occur frequently (Stephens et al., 2000;
Stephens et al., 1999). Stephens et al (2000; 1999) note that the wind-driven surface
shear layer and associated up and down-welling exists independently of water
stratification associated with river discharge in the bay. Figure 2.18 and 2.19
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illustrates the conceptual model of the wind induced circulation patterns in Poverty
Bay under offshore and onshore wind conditions respectively.

Using regression analyses, Black et al., (1997) found that there is a poor correlation
between current measurements within Poverty Bay and wind strength and direction,
and suggests that the wind, although responsible for surface plume movement and

coastal up-welling / down-welling, does not dominate over other processes in
Poverty Bay.

2.8.3 Tidal Range and Currents

The Tidal range in Poverty Bay is 1.22 m at neap tide, and 1.37 m at spring tide
(Gisborne Harbour Board, 1984); therefore the tidal range in Poverty Bay is
classified as micro-tidal (Healy and Tahata, 1993).

The dominant M2 tide propagates northwards up the continental shelf on New
Zealand’s East Coast and refracts into Poverty Bay with no appreciable phase lag
(due to the relatively small aperture of the bay ~ 10 km). Therefore, tidal currents
are minor (Black et al.,, 1997). Tidal analysis of measured currents showed the
maximum semi-diurnal currents to be less than 0.05m.s™(Black et al., 1997).

2.8.4 Salinity/Temperature  Currents Associated with  River
Discharging.

Using numerical modelling, Black et al., (1997) found that the river plumes dominate
surface circulation (Figure 2.20). However, the plume movement was highly
variable. When discharge volumes were low the river plumes were barely
discernible (Figure 2.21), whereas at higher discharge volumes the plume from the
Waipaoa River filled much of the bay (Figure 2.22). Black et al., (1997) notes that
there is a tendency for lower salinity waters to flow out of Poverty Bay along a
transect linking the Waipaoa River and Tuaheni Point, with higher salinities along
the northern side of Poverty Bay between the two main river flows.

Salinity dominates the vertical density structure. By comparison temperature
gradients are slight. Consequently, temperature influences in Poverty Bay appear to
be small relative to other processes. However, thermoclines do act to reduce mixing
and isolate the surface layer from the remainder of the water column (Black et al.,
1997).

2.9 Summary

The East Coast of New Zealand, and hence Poverty Bay, is situated on the leading
edge of an active tectonic boundary, formed by the collision between the Indian-
Australian Plate to the west and the Pacific Plate to the east (Figure 2.01, Moore,
1988; Riddolls, 1987; Suggate et al., 1978a; Suggate et al., 1978b). The high
regional uplift rates of the country rock and common occurrence of earthquakes are a
manifestation of this geological setting (Hamilton et al., 1966; Pillans, 1986).
Tertiary mud- and sandstones, with outcroppings of Cretaceous Argillite, dominate

23



the rock units within the Poverty Bay catchment. Coastal sands and river flood
planes are comprised of Quaternary alluvium (Figure 2.04, Riddolls, 1987).

The seismic activity and the lithologies that comprise the Poverty Bay hinterland,
together with high intensity rainfall events and vegetation cover are the main factors
influencing the supply of sediment to Poverty Bay (Claridge, 1960; Griffiths and
Glasby, 1985; Hessell, 1980; Reyners, 1989; Smith, 1988). The principle means by
which sediment is supplied to Poverty Bay is through suspended and bedload
sediment river discharge. The two main rivers that discharge into the bay are the
Waipaoa River in the south and the Turanganui River adjacent to Port Gisborne in
northern Poverty Bay (Figure 2.02). Together, the two rivers deposit in excess of
13x10° tonnes per year into Poverty Bay by both bedload and suspended sediment
transport (Council, 1994; Griffiths and Glasby, 1985). A comparatively small
volume of sediment (4000 m’) is supplied to Poverty Bay from coastal and cliff
erosion (Miller, 1981; Smith, 1988). Smith, (1988) notes that the supply of sediment
into Poverty Bay via both river discharging and coastal erosion (including cliff
erosion) results in a positive net sediment budget for the beaches in the bay, and
hence long-term beach progradation, particularly in the areas adjacent to the mouth
of the Waipaoa River (Figure 2.05).

The Waipaoa and Turanganui River systems also influence the surficial sediment
distribution, along with sediment entrainment (typically wave-orbital currents) and
transport processes (residual currents). Surficial sediments are comprised of
predominantly Sand and Mud size classes, with coarser sediments found on the
beaches and near the mouth of the Waipaoa River (Beamsley et al., 1998;
Kensington, 1990; Miller, 1981; Sander, 1993). Surficial sediments become finer
with increased water depth, reflecting the relative decrease in wave-orbital currents
(the dominant sediment entrainment process) with increased depth (Miller, 1981).
An area of relatively finer sediment is located in the lee of Young Nick’s Head, in
southern Poverty Bay (Figure 2.02), which is attributed to the sheltering affect on the
southerly wave climate afforded by Young Nick’s Head, and the high fine sediment
input from the Waipaoa River (Black et al., 1997; Miller, 1981). Lobes of relatively
finer sediment have also been observed radiating out from both the Waipaoa and
Turanganui River mouths (Beamsley et al., 1998; Foster and Carter, 1997). Surficial
sediment in the ports’ Swinging Basin are finer than other sediment found in
northern Poverty Bay, owing to the volume of sediment available for deposition and
entrainment processes operating within the Swinging Basin (Beamsley et al., 1998).

New Zealand has a maritime climate consisting of easterly moving anticyclones and
low-pressure troughs, with associated frontal systems (Quayle, 1984). Low pressure
and frontal systems tend to bring north to north-westerly wind ahead of the front,
which, due to the perpendicular orientation of the Raukumara Range to the passage
of the low-pressure and frontal systems (Figure 2.03), results in orographic rain
shadowing on the East Coast of New Zealand. Conversely, in winds from the
easterly quarter orographic uplift of air masses often results in high rainfall
intensities at all altitudes (Hessell, 1980).

Intensities of rainfall events exhibit both spatial and temporal variability. Highest
monthly averages typically occur in the winter months, however high intensity
rainfall events associated with tropical and extra-tropical depressions occur
periodically in the summer and autumn months. The topography of the East Coast
also influences rainfall intensities, with an estimated yearly average of 1000 mm/yr
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and 4000 mm/yr recorded for the alluvial flood planes of Poverty Bay and in parts of
the Raukumara Range respectively (Hessell, 1980).

The mean annual wmd speeds at Gisborne are approximately 3-m.s”', while winds in
excess of 26.7 m.s™ are recorded, on average, twice a year. Durmg spring, summer
and autumn months convection cells result in afternoon sea breezes, particularly
during anticyclone conditions. The predominant wind direction is northwest
(Figure 2.08), with winds from the southwest and northeast occurring relatively
infrequently (Hessell, 1980; Smith, 1988).

Longer period changes in New Zealand’s climatic conditions have been attributed to
El Nifio Southern Oscillations (ENSO) and Pacific Decadal Oscillations (PDO).
During El Nifio conditions New Zealand tends to experience stronger and more
frequent droughts in east coast areas such as Poverty Bay (Mullan, 1996). In winter,
winds tend to be orientated more from the south, resulting in higher rainfall
intensities during the winter months, and hence a bi-polar effect in seasonal rainfall
averages, with drought conditions over the summer months and relatively high
monthly rainfalls averages in winter (Mullan, 1996). La Nifia events tend to have a
weaker impact on New Zealand’s climate, with north-easterly wind conditions
predominating over New Zealand, bringing moist, rainy conditions to eastern New
Zealand (Mullan, 1996). Additionally, long-term climatic trends in New Zealand
show that the North Island has become 10% drier and 5% sunnier in the last 20 years,
which Salinger and Mullan (1998) attribute to the current phase of the PDO, which
brings fair weather to northern New Zealand and squeezes stronger westerly winds
over southern and central New Zealand. A reversal in the PDO would result in
wetter conditions for much of New Zealand (Salinger and Mullan, 1998).

Several investigations into the deepwater wave climate off New Zealand’s East Coast
have been conducted (Black et al., 1997; Harris et al., 1983; Miller, 1981).
Maximum wave heights in excess of Hun =7 m have been recorded off both
Tatapouri Point and Hicks Bay (Figure 2.09), whilst mean significant deep-water
wave height is fairly consistent for all data sets, at approximately 1.55m
(Figure 2.09, Table 2.03). Mean spectral periods range between 7= 10.7 to 7= 8.1
seconds, whilst maximum spectral periods range between 7,=15 to 7,=20.2
seconds. The measured wave height distribution is similar to the 20-year hindcast
wave data, which suggests an average H;;; for the entrance to Poverty Bay of 1.3 m
and a maximum Hy, during the 20-year hindcast period of 7.8 m (Figure 2.11).
Extremal probability analysis suggests storm events with return periods of 50 and
100 years will result in significant wave heights of 8.29 and 8.91 m respectively.

Circulation patterns within Poverty Bay are influenced by several processes
including, oceanic circulation over the continental shelf, wind, tides, and
salinity/temperature gradients associated with river discharging (Black et al., 1997).
The East Cape and the Wairarapa Counter Current dominate oceanic currents over
the continental shelf off the East Coast of New Zealand. The East Cape Current
forms a tongue of subtropical water that runs southwards beyond about the 1000 m
isobath (Figure 2.15). The Wairarapa Counter Current extends northwards along the
East Coast of the North Island (Chiswell, 1999b; Heath, 1975). The extent to which
the Wairarapa Counter Current moves northwards has not been established.
Stephens (1999) measured a weak residual northward flowing current offshore from
Poverty Bay, flowing at a rate of 1.4cm.s” With numerical modelling
Black et al., (1997) illustrated that with a northerly flowing shelf current an anti-
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clockwise gyre is established within Poverty Bay. Conversely, with a southerly
flowing shelf current a clockwise gyre is established within Poverty Bay. Due to the
orientation and seafloor topography of Poverty Bay the dominant gyre appears to
rotate anti-clockwise (Black et al., 1997). In addition to circulation gyres, wind
forced up-welling and down-welling has been observed in both acoustic Doppler
current profiles and three-dimensional numerical model runs (Stephens et al., 1999).
Currents associated with tidal movements are considered to be minor (Black et al.,
1997) due to there being no appreciable phase lag as the tidal wave propagates
northwards up the continental shelf on New Zealand’s East Coast across the
relatively small aperture of the bay (~ 10 km). In contrast river discharging is the
dominant process influencing surface circulation patterns within Poverty Bay.
However, plume movement shows some dependence on river discharge rates.
Vertically, salinity dominates the density structure, whilst thermoclines act to reduce
mixing and isolate the surface layer from the remainder of the water column (Black
et al., 1997).
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Table 2.01  Sources and estimated volumes of sediment supplied to the Poverty

Bay beaches, pre- and post-European settlement (m® per year).

So
Cliffs east of Kaiti 2000 2000 0
Turanganui River catchment 4000 3000 33
Waipaoa River catchment 47000 35000 34
Cliffs of Young Nick's Head 2000 2000 0
Total 55000 42000 31

(After Smith, 1988)

Table 2.02  Beach progradation and cliff retreat around Poverty Bay 1886-1975.

Values in m.yr'; minus values refer to erosion.

Figure 2.05.

(After Smith, 1988)

L 0 1 1.5
X -04 2 1.3
v -0.1 3 1.1
S -0.2 4 0.9
(o) -0.3 S 0.7
L 0 6 0.7
| 0 7 0.6
H 0.8 8 0.5
G 0.9 9 0.5
F 1.7 10 0
E 27 1 -0.7
D 2.8 12 -0.7
C 3.3
B 3.7
A 5.6

For locations refer to
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Table 2.03  Comparison between deep-water wave spectral statistics obtained

frong Hicks Bay (March to December 1979), offshore from Tatapouri Point
(11" May 1982 and 27" Sept. 1984) and within Poverty Bay during the 1996-

7 AEE (2™ July and 29" August 1996). Wave gauge locations are shown in
Figure 2.09.

Max wavei/ recorded | 7.8 n/a 83 L

(m)

Max H; (m) 5.2 3.97 5.74 n/a

Mean H; (m) 1.55 1.57 1.22 1.04
Mean T (s) 9.4 10.71 8.09 8.72
Max T, (s) 15 16.52 20.24 n/a

H; = significant wave height,
T, = peak wave period.

Table 2.04  Extremal probability distribution analysis of the 20-year hindcast
wave height data, giving the magnitude of 2, 5, 10, 25, 50 and 100-year return
period storm events. Extremal probability distribution analysis was
preformed in accordance with the method outlined by the U.S. Army Corps of

Engineers. A Fisher-Tippett Type 1 probability distribution function was

found to best represent the data.

5.41 0.39 4.65 6.17 99.9

6.24 0.50 5.26 7.21 89.3

10 6.86 0.58 5.71 8.00 65.1
25 7.67 0.69 6.32 9.03 335
50 8.29 0.78 6.77 9.81 18.3
100 8.91 0.86 7.22 10.59 9.6
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Austra

Figure 2.01 Diagrammatic representation of the major elements of the Indian-

lian and Pacific plate that strikes through New Zealand. The stippled

area represents probable continental crust. Lines represent the motion of the
under-thrusting plate (After Lewis, 1985).
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Figure 2.02 Isobathic contour chart of Poverty Bay and inner Continental Shelf
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Figure 2.03 Simplified geological structures of eastern North Island illustrating
the extent of the East Coast Allochthon and the approximate location of the
Hikurangi Trench off the East Coast of New Zealand’s North Island (After
Moore, 1988).
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Figure 2.07 Mean annual rainfall distributions (mm), eastern North Island between
1941 and 1970 (After Hessell, 1980).
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Figure 2.08 Compass rose of the mean wind velocity (magnitude and direction)
for the period 1% October 1998 to 1% October 2002. Data supplied by

Gisborne District Council and Hydro-Technologies Ltd.
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Figure 2.09 Location of wave gauges off eastern North Island, including Hicks

Bay, Tatapouri and Poverty Bay wave gauge deployments.

Note the

sheltering effect of East Cape on waves reaching the Hicks Bay site from the
southerly quarter. The position of the Tatapouri Point deployment site is
approximate only. Site CMI is the wave gauge site used in the Port Gisborne

AEE field programme during 1996 (After Black et al., 1997).
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Figure 2.10 20-year hindcast wave data location at the entrance to Poverty Bay,

New Zealand.
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Figure 2.11 20-year hindcast mean significant (H,,) wave height (m) at the
entrance to Poverty Bay, New Zealand. Based on the 20-year hindcast record
the mean significant wave height at the entrance to Poverty Bay is 1.3 m, the
predicted maximum significant wave height during the 20 year period is 7.8 m
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Figure 2.12 Directional wave statistics based on the 20-year hindcast data at the
entrance to Poverty Bay, New Zealand. Based on the 20-year hindcast data
the dominant wave direction is from the SE direction, i.e. heading to NW, into
Poverty Bay
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Figure 2.13  Statistical joint probability analysis of wave height and direction from
the 20-year hindcast wave data from the entrance to Poverty Bay, New
Zealand
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Figure 2.14  Statistical joint probability analysis of wave height and peak period

from the 20-year hindcast wave data from the entrance to Poverty Bay, New
Zealand
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Figure 2.15 Oceanic currents influencing New Zealand’s North Island (After

Heath, 1975).
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Figure 2.16 Numerical hydrodynamic model output showing a north flowing inner
shelf current resulting in an anti-clockwise gyre within Poverty Bay at 3 m
below water surface. Arrow bearing depicts current direction, whilst tail
length indicates relative strength of the current (After Black et al., 1997).

NIWA / Waikato Earth Sciences Model 3DD
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Velocity & Salinity at t =92 hours k=3

Figure 2.17 Numerical model output showing a south flowing inner shelf current
resulting in a clockwise gyre within Poverty Bay at 3 m below water surface.
Arrow bearing depicts current direction, whilst tail length indicates relative
strength of the current (After Black et al., 1997).
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Figure 2.18 Three-dimensional shaded surface plot of Poverty Bay showing
typical circulation under offshore winds. Surface water migration is marked
in red and bottom water migration in blue. River plumes are depicted in green
(After Stephens et al., 2000).

Figure 2.19 Three-dimensional shaded surface plot of Poverty Bay showing
typical circulation under offshore winds. Surface water migration is marked
in red and bottom water migration in blue. River plumes are depicted in green
(After Stephens et al., 2000).
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Figure 2.20  Aerial photograph showing the Turanganui River plume dominating
the surface water circulation in northern Poverty Bay. Gisborne City is
located in the background (Photo supplied by Bevan Turnpenny, Turnpenny
Associates).
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Figure 2.21 Numerical hydro-dynamical model output illustrating the effect inner
continental shelf currents have on surface water current patterns in Poverty
Bay during low river discharge volumes, note establishment of a clockwise
rotating gyre associated with southerly flowing inner shelf current. Current
vectors are scaled relative to their magnitude (After Black et al., 1997).
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Figure 2.22 Numerical hydro-dynamical model output illustrating the effect high
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river discharge volumes has on circulation patterns in Poverty Bay. Discharge
from the Waipaoa River dominates surface currents and even in the presence
of a strong inner shelf current no circulation gyre is formed within the bay.

Current vectors are scaled relative to their magnitude (After Black et al.,
1997).



Chapter 3.  Seafloor mapping and morphological
properties

“The sea never changes and its works, for all the talk of man, are wrapped in
mystery” - Joseph Conrad

This Chapter is an expansion on aspects of the peer-reviewed paper,

Beamsley, B. J., Healy, T. R., and Black, K., (2001). Textural parameters and in-situ
shear strength of bed sediments within an oceanic embayment. The 15th
Australasian Coastal and Ocean Engineering Conference & The 8th
Australasian Port and Harbour Conference, Gold Coast, Australia, 383-388.
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3.1 Introduction

A field data collection program consisting of side-scan sonar imaging and surficial
sediment sampling was undertaken so that the variability in the seabed characteristics
within the study area (Figure 3.01.) could be spatially mapped.

Close to 100 % side-scan sonar coverage of the field area (Figure 3.01) in
conjunction with ground truthing (via SCUBA diver observations) provided a means
to identify the spatial extent and variability of different seabed type/facies. Draping
sediment characteristic and interpolated side-scan sonar maps over Digital Terrain
Models (DTM) of the seafloor helped to identify the extent of different facies and
illustrated the topographical characteristics the different facies possess.

Understanding the distributional characteristics of the surficial sediment aids in
comprehending sediment transport pathways within northern Poverty Bay.

3.2 Bathymetric Mapping

3.2.1 Data Compilation

High-resolution hydrographic surveys using a real-time correction Differential
Global Positioning System (D.G.P.S., Trimble 4000RL II Reference Locator base
station and Trimble NT 200 Chart Plotter) and a Furuno SCV-572 sounder were used
to record positions and water depths within the field area. Depth data was corrected
for tidal fluctuation using the software package HYDRO version 6.06. The depth
record was supplemented by hydrographic data provided by Port Gisborne Ltd
(inclusive of the shipping channel, Swinging Basin and the dredge disposal ground
areas), digitised Royal New Zealand Navy “fairsheets” and previous hydrographic
surveys conducted as part of the 1997 Port Gisborne Assessment of Environmental
Effects (AEE). The datasets provide comprehensive coverage of the study site and
greater Poverty Bay area.

3.2.2 Field Area Bathymetry

The software package SURFER (Version 7.00.26) was used to create bathymetric
grid files from which contoured bathymetry maps and digital terrain models (DTM)
are created. The bathymetric DTM of northern Poverty Bay depicts conspicuous
outcroppings of rocky reef (Figure 3.02). The shore platform of Kaiti Beach to the
east of the port of Gisborne, as well as the rocky reef area formed by the Tokomaru,
Hawea and Temoana reefs are clearly differentiated from the smooth undifferentiated
topography that forms the majority of the shoreface offshore from Waikanae and
Midway Beaches (Figure 3.02). Additionally, a dredge spoil mound is evident in
both the digital terrain model (Figure 3.02) and the contoured bathymetry of the
study site (Figure 3.03). The mound is particularly well illustrated by transect C-C’
(Figure 3.04).
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3.3 Side-Scan Sonar Mapping

3.3.1 Side-scan Sonar Collection

Two side-scan sonar surveys were conducted in the study site; a close to 100 % side-
scan sonar coverage in March 1999, and a side-scan sonar survey of the existing
dredge disposal ground following capital dredging in April 2000. The March 1999
side-scan sonar survey was used to investigate the seabed variability and to identify
the boundaries between the undifferentiated silty sand facies type and the rocky/reef

facies within the study area, while the boundary of the dredge material was
determined from the April 2000 survey.

The March 1999 survey was conducted from The University of Waikato survey
vessel (Te Rangahau), while the port pilot boat (Takitimu) was used for the April
2000 survey. Both surveys used a Kline 590 side-scan sonar, Kline 595 digital
graphics recorder and D.G.P.S position fixing. Vessel track guidance was
interpreted using the HYDRO software package (version 6.06). Depending upon
water depth, the side-scan sonar fish was towed behind the vessel at a specific
‘setback’ distance, with position fixing adjusted accordingly. The March 1999 side-
scan sonar record was ground-truthed by SCUBA diver observations.

3.3.2 Side-scan Sonar Processing

The digital side-scan sonar files were bottom tracked (the process of removing the
water column in the side-scan sonar image) and mosaiced using the software package
ISIS (Triton Elics International, version 6.0). The ISIS software exports the mosaiced
side-scan sonar in a format readable by DELPHMAP (Triton Elics International,
version 2.9.0.0), which is a purpose-build hydro-dynamic Global Information System
(GIS) application specifically used to spatially map information collected using
Triton Elics International software and hardware. From DELPHMAP the mosaiced
side-scan sonar was exported as geo-coded TIF (Tagged image files) and read into a
more general GIS environment, i.e. MAPINFO (version 6). In MAPINFO the
boundaries of different surficial sediment types were digitised around and spatially
mapped.

3.3.3 Side-scan Sonar Interpretation

Ground truthing of the March 1999 side-scan sonar record provided a means of
identifying the various return signatures and to interpolate the extent of their
coverage within the study site. Also, ground truthing provided the confidence to
interpolate dredge spoil in the April 2000 side-scan sonar survey.

From the March 1999 side-scan survey and ground truthing five distinct seabed types
or facies were recognized in the field area.

The facies types are,
i.  Undifferentiated silty sand,

ii.  Rocky-reef areas (including Tokomaru, Hawea Temoana reefs),
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iii. Reef-gravel boulders,
iv.  Shore platform rock, and
v. A distinct signature identified as dredge spoil.

Figure 3.05 depicts the March 1999 raw side-scan sonar survey return signature for
the entire field area. Figure 3.06 shows the April 2000 raw side-scan sonar return
signal, while Figure 3.07 and 3.08 illustrate the extent of the dredged material in the
disposal ground following the surveys in March 1999 and April 2000 respectively.
Figure 3.09 is a composite map of the interpolated side-scan sonar digital record of
the study site from both surveys.

From Figure 3.09 it can be seen that the majority of the shoreface is comprised of
undifferentiated silty sand, characterized by a featureless side-scan sonar return
signature (Figure 3.10) in which SCUBA divers have observed various small
bedforms. Bedforms identified include vortex ripples of various dimension (up to 13
cm wavelengths and approximately 2 cm amplitude) and undulating sea floor
consisting of irregular depressions 1-2 cm deep and some 15 cm in diameter
(personal observations 1996-1999).

The side-scan record identifies three distinct “hard” return signals that, through
ground truthing, are identified as areas of rocky reef or boulder banks (facies type ii,
iii and iv). In the sonagraph record the Tokomaru, Hawea and Temoana rocky reefs
(facies ii) have greater spatial coverage (Figure 3.09) and the DTM (Figure 3.11)
shows these reefs to exhibit more vertical relief than either facies types (iii) or (iv).
Further, the side-scan sonar return signal depicts cracks and fissures in the rocky reef
area (i.e. Tokomaru Temoana and Hawea area, Figure 3.12), which are not evident in
the reef-gravel boulders facies (type iii, Figure 3.13). The shore platform facies
(type iv) extends offshore from Kaiti Beach and, in part, is inter-tidal in nature
(Figure 3.14). Due to its shallow depth, the extent of the shore platform facies
(facies type iv) has been extrapolated from the side-scan record and Kaiti beach
observations. Further, recent dredged material (facies type v) in the March 1999 and
the April 2000 surveys can be differentiated from the surrounding undisturbed
surficial sediments (Figure 3.7 and Figure 3.8 respectively). The dredge material in
the April 2000 survey has greater coverage than the March 1999 survey. The spatial
extent of the dredge material identified in the April 2000 survey is attributed to
capital dredging and the consequential deposition of elevated volumes of dredged
material at the existing dredge disposal site prior to the April 2000 survey.

3.4 Sediment Characteristic Mapping

3.4.1 Methodology

3.4.1.1 Sediment Sampling Programme

A sediment-sampling programme was undertaken that provided a good coverage of
the study area and helped identify features observed in the side-scan sonar record.
The sampling programme involved several approximate shore-normal transects
(Figure 3.15) with sample site positions determined using a differential global
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positioning system. SCUBA divers collected sediment samples from the top 2-5 cm
of the seabed sediments. The sediment textural dataset was supplemented by
samples collected and analysed during the 1996 Port Gisborne Ltd. AEE study
(Beamsley et al.,, 1997) and from a Westham dredging report (Beamsley, 1999).

34.1.2 Sediment Sample Treatment Pre Textural Analysis

The most effective method of determining the ‘effective’ grain size (which includes
colloidal flocculated particles) in mixed sand and mud sediments is measuring the
grain size distribution in-situ (Berlamont et al., 1993). Because of turbulence
associated with sampling and likely changes in the samples temperature and
chemical properties post sampling it is unlikely that grain textural determination
methods other that in-situ will give accurate indication of the ‘effective’ grain size
(Berlamont et al., 1993). Because of equipment limitations, in-situ determination of
the grain size characteristics was unobtainable.  As such, grain textural
characteristics were determined post sampling in a laboratory. In order to make
inferences between sample sites Berlamont et al., (1993) note that it is important,
particularly with mixed sand and mud sediment where flocculation may be relevant,
that samples are treated identically. Further, Berlamont et al., (1993) note that for
laboratory analysis of mixed mud/sand sediment, samples should be dispersed
(deflocculated) and organic material should be removed following a standardised
procedure, such as outlined in NZS 4402 (Standards Association of New Zealand,
1986) and described below.

A sub-sample of approximately 40-50 g of surficial sediment was washed with fresh
distilled water and left until all material was observed to have settled out of solution,
at which point the excess water was initially decanted and then evaporated off.

In order to remove organic material the sub-sample was immersed in 10 ml of 10 %
solution Hydrogen Peroxide (H,0,) for a period of at least 24 hours, after which the
excess fluid was evaporated off by gently heating the mixture. A 10 % solution of
Calgon (sodium hexametaphosphate) was used to disperse any flocculated particles.
Calgon treatment involved saturation of the sample with 10 ml of Calgon for a period
at least 24 hours, after which time the samples were placed in an automatic shaker
and shaken for a further 12 hours. Excess liquid is then evaporated off by gently
heating the solution (Standards Association of New Zealand, 1986). To further
disperse the flocculated particles each sample was subjected to 4 minutes of ultra-
sonic treatment. The 4-minute time period was decided on by comparing sample
distributions for a sample having undergone 2, 4, 6, 8 and 10-minute ultrasonic
treatment. After 4 minutes of ultra-sonic treatment the samples distribution did not
appear to change significantly (Figure 3.16, Table 3.01).

3.4.14 Sediment Textural Analysis

Because surficial sediment in Poverty Bay is a mixture of sand (> 62.5 um) and mud
(< 62. 5 um) limitations are imposed on the available analysis techniques. In order
to get a good representation of the sediment textural distribution, sample analysis
was performed using a Malvern laser particle size analyser; model MSS/7 (Figure
3.17), which has the ability to concurrently measure both the sand and the mud sizes.
The Malvern laser particle size analyser uses the principle of laser light scattering to
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yield information on particle size and distribution characteristics (Malvern
Instruments Ltd.). Sediment grain size distribution, mean, median and modes were
calculated using the Malvern software.

Textural statistics (Appendix II) were calculated using the Folk (1968) graphical
method, while descriptive terms are used to describe the textural characteristics of

the surficial sediment (Appendix I). The terms used follow the Folk (1968)
classification scheme.

From a sedimentological perspective, the amount of clay in the sample is defined as
the percentage of the sample less than 4 pm (Allaby and Allaby, 1999; Folk, 1968;
Komar, 1998), whilst pedology assumes a cut-off point at 2 um (Allaby and Allaby,
1999). As such, clay percentages used to determine grading classifications use the
4 pm limit, whilst physical properties of the sediments (Atterberg limits, activities,
in-situ moisture contents, etc. discussed in later chapters) are discussed relative to the
percent of the sample less than 2 um.

3.4.1.5 Organic Content Determination

The percent of organic matter for each sample was measured using the “loss-on-
ignition” method following the method outlined by the Standards Association of
New Zealand (1986).

All moisture was removed from the samples by oven drying at 105°C for 24 hours.
The sample was then placed in a container of known mass (M;). The mass of the
sample and container was measured (M>) and the sample then placed in the kiln at a
temperature of 450°C.

After sufficient time for the organic matter to be ignited, the sample and container
were again weighed (Mj;) and the percent organic matter in the sample calculated as:

MXIOO

Organic matter percent =
s~ M, (3.01)

3.4.1.6 Creation of Sediment Characteristic Maps

Sediment characteristic maps were created using the software package SURFER
(Version 7.00.26), which takes spatially distributed data and interpolates a regularly
spaced grid. Areas above the mean high water mark, and those comprised of rocky-
reef habitat, as identified from the side-scan sonar survey and ground truthing, were
blanked out and not included in the interpolation algorithms.

3.4.1.7 Multivariate Analysis of Sediment Characteristic

Linear regression and factor analytic techniques were used to analysis the inter-
correlations between the surficial sediment characteristic (mean grain size, relative
percentages of sand/silt/clay) and the physical and environmental controls on the
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sediment characteristics (i.e. distance from sediment supply, water depth and degree
of agitation associated with dredging operations). The number of factors to
investigate with Factor Analysis was determined using the Kaiser criterion, which
states that only factors with eignevalues greater than 1 should be considered (i.e.
Table 3.02). As such subsequent Factor Analysis was performed using 2 factors. To
obtain a clear pattern in the factor loadings the factors have been rotated using the
variance maximizing (Varimax) technique, which maximizes the variance of the
‘new’ factor and minimizes the variance of the ‘new’ variable (Cooley and Lohnes,
1966; Fruchter, 1954; King, 1969).

3.4.2 Results

3.4.2.1 Multivariate Analysis of Sediment Characteristic

Correlation coefficients (R) for the inter-correlation between seabed sediment
characteristics and physical and environmental controls (Table 3.03) are determined
by linear regression. Each heading of the column of the Table 3.03 represents the
dependant variable, while the independent variables are represented by the row
headings. Normalized variance maximized rotated factor loadings are given in
Table 3.04.

Unsurprisingly, relatively high R values are evident between sand, silt and clay
percentages (Table 3.03), as these size classes divide the grain size distributions.
Further, Factor 1 loadings suggest that with normalized varimax factor rotation the
volume percent sand, silt and clay within the surficial sediment can be described by a
single new variable (Table 3.04). With sand as the independent variable, both silt
and clay percentage R values are negative, where intrinsically as the sand content
decreases the silt and clay content increases (Table 3.03). The negative correlation
between Factor 1 loadings and volume percent sand (-0.90), and the positive
correlation with the volume percent silt (0.91) and clay (0.77, Table 3.04) emphasise
this correlation. Not unsurprisingly the mean grain size has relatively high R values
when correlated with sand, silt and clay percentages (Table 3.03). Additionally,
whether the surficial sediment distribution exhibits a single or bi-modal peak is also
well correlated with the percentages of sand (R = -0.54) and clay (R = 0.72), and to a
lesser extent the silt (R = 0.45). This suggests that as the sand percent decreases in
the seabed sediment and the mud content increases there is a greater likelihood that
the sediment distribution will be bi-modal. Further, the organic content has some
correlation with the percent of sand (R = -34), silt (R = 27) and clay (R = 47) of the
surficial sediment. Similar relationships are displayed by the Factor 1 loadings
(Table 3.04).

The influence that depth water (the independent variable) has on the sediment
textural characteristics is illustrated by high R values when mean grain size, sand, silt
and clay percentages and the distribution shape (i.e. if the distribution is bi-modal or
not) are treated as the dependant variables. The negative R values correlating the
water depth to the percent sand (-0.64) and the mean grain size (-0.65) indicate that
as the water depth increases the percent sand in the surficial sediment and hence the
mean grain size, decreases (Table 3.03). Further, Factor 1 loadings (Table 3.04)
suggest an inter-correlation between water depth and the surficial sediment textural
characteristics; e.g. mean grain size, sand, silt, and clay volume percentages.
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Sample site distance from a sediment source (i.e. the Turanganui River and the
dredge disposal ground, assuming the sediment partially moves out of the disposal
ground), mean grain size, and percent sand are positively correlated (0.46 and 0.38
respectively, Table 3.03), while conversely the silt and clay percentages are
negatively correlated with distance from sediment source (-0.41 and —0.24
respectively, Table 3.03). This suggests that the closer a site is to a sediment source
the greater the percentage of silt and clay and the finer the mean grain size of the
surficial sediment.

3.42.2 Mean Grain Size Distribution Map

The Malvern laser particle size analyser has been used to measure the mean grain
size of the surficial sediment using the moment method, as defined in Appendix I.
The software used to run the Malvern laser particle size analyser calculates grain size
in S7 units (microns). Using the raw data, a mean phi size has been calculated for
each sample site, where phi units are calculated as:

where d is the grain size measured in millimetres.

Mean grain size is a useful textural parameter for determining the magnitude of force
that must be applied to a grain by either wind or water in order to move it (Dyer,
1986; Folk, 1968). Descriptive terms used in Appendix II to describe the statistical
measure of the mean grain size are based on the Udden-Wentworth grain size
classification (Appendix I).

At the low-tide swash zone the mean grain size of the surficial sediment is relatively
coarse (Figure 3.18, Appendix II — Beach samples); however mean grain size
increases with distance from the Turanganui River mouth, both offshore and along
the beach (Figure 3.18). This is illustrated by the negative correlation coefficient(R’)
between the water depth and the mean grain size (Table 3.03) and by the factor 1
loading for the water depth (0.81) and the mean grain size (-0.87, Table 3.04).

The finest seabed sediments (d ~ 25 um) are found within the swinging basin, with
the grain size increasing with distance beyond the entrance of the basin to

approximately 220 um (Figures 3.18 and 3.19).

The mean grain size of the surficial sediment within the existing dredge spoil ground
is relatively fine (40 pm) compared to seabed sediment found in similar water depths
within the study site (Figure 3.18), suggesting a degree of mixing between sediments
that would be expected to naturally occur at the site and that of the disposed dredge
material.

3.4.2.3 Modal Grain Size Distribution Map

The modal grain size refers to the most frequently occurring grain size within a
distribution and can provide clues as to the origin of sediments. For example, if the
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sediment is comprised predominantly of coarse angular particles (coarse mode) it
would suggest that grains have not been weathered much and that their source is
reasonably close to the sampling site, e.g. nearby coastal cliffs. The mode of a
sample is therefore important because samples that exhibit bi or poly-modal
distributions (where there are 2 or more modal peaks) can be indicative of a multi-
sourced environment, or alternatively represent a lag, where only a certain size of
particle has been entrained and transported (Friedman and Sanders, 1978).

Because many of the samples display bi-modal distributions (Appendix II), only the
dominant mode has been spatially mapped within the study site.

The spatial variability in the first mode of the surficial sediment grain size exhibits a
similar distribution to that of the mean grain size (Figure 3.20). The coarsest modal
grain sizes are found on the low-tide swash zone on Midway and Waikanae beaches
and the surficial sediment mode increases with distance from the mouth of the
Turanganui River and with increased water depth (Figure 3.21). The finest modal
seabed sediment in the study area is found in the Swinging Basin (Figure 3.20). The
surficial sediment modal peak increases with distance from the Swinging Basin and
becomes relatively coarse in the lee of the semi-submerged breakwater (Figure 3.20).
Further, the modal peak of the surficial sediment within the existing dredge spoil
ground is relatively fine compared with other sites of similar water depths
(Figure 3.22). The contoured modal distribution exhibits an approximate radial
pattern extending away from the existing dredge spoil ground (Figures 3.20).

3.4.2.4 Sorting Distribution Map

Sorting is a representation of the standard deviation of grain texture within a
distribution and gives an indication of the uniformity in grain transport and
deposition (Leeder, 1982). "Poorly" sorted samples have a large standard deviation,
or a wide range of sediment sizes. Poorly sorted samples represent environments
where weak sediment transport processes, incapable of entraining even fine grains,
leave a wide range of sediment sizes. "Well" sorted samples denote areas with more
active sediment transport processes, selectively removing or winnowing out certain
sediment sizes to leave a particular size class behind (Dyer, 1986; Folk, 1968;
Komar, 1998). Appendix I lists the descriptive terms used to define the sorting and
their corresponding standard deviation in terms of phi units.

Folk, (1968) recognised four main factors that the degree of sorting appeared
dependant on,

i.  Size range of material supplied to the environment,
ii.  Types of depositional processes active,
iii.  Current characteristics (strength, continuity and turbulence), and
iv.  Time (sediment supply rate vs. time available to sort sediment).
The majority of sediment in northern Poverty Bay is classified as poorly to very
poorly sorted (Figure 3.23) and the degree of sorting of the surficial sediment is

shown to increase with decreased water depth (Figure 3.23).
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3.4.2.5 Skewness Distribution Map

Skewness is a measure of symmetry of the sediment distribution. In a normal
distribution bell-shaped frequency curve the mean and median grain size coincides
(Figure 3.24). Any tendency for a distribution to lean to one side leads to differences
between the median and mean values. Deviations from the normal distribution are
used to characterize the skewness of the distribution curve. A grain size distribution
is described as being finely skewed when there is a surplus of fine material in the
distribution (i.e. Figure 3.24), and conversely a distribution is described as being
coarsely skewed when there is a surplus of coarse material in the distribution curve
(i.e. Figure 3.24 Dyer, 1986; Folk, 1968; Komar, 1998; Tucker, 1988). The
skewness of the distribution curves is determined using the graphical method as
outlined by Folk, (1968) and described in Appendix 1.

In northern Poverty Bay coarse-skewed surficial sediment only occurs in the
Swinging Basin (Figure 3.25). The majority of surficial sediment in northern
Poverty Bay is classified as being strongly fine-skewed (Figure 3.25), i.e. the
sediment has a surplus of fine grains. However, sediments in the existing dredge
spoil ground are clearly influenced by disposal of dredged material at the site and are
classified as having near-symmetrical skewness (Figure 3.25). The contoured seabed
sediment skewness values exhibits an approximate radial pattern extending away
from the centre of the existing dredge spoil ground (Figure 3.25).

3.4.2.6 Textural Percentage Distribution Map

Because grain size distributions can be divided into percent sand, silt and clay the
spatial distribution maps of the three units are similar. This is reflected by high R’
and factor 1 loading values (Table 3.03 and 3.04). In order to avoid repetition all
three distribution maps are concurrently discussed in this section.

Within the field area, Waikanae and Midway beaches have the largest percentages of
sand (> 90%), and hence lowest percentages of both silt and clay (< 10% and < 5%
respectively). With distance offshore from Waikanae and Midway beaches sand
percentages decrease as silt and clay percentages increase (Figures 3.26,3.27
and 3.28). The Swinging Basin has the highest percentages of silt and clay (up to
55% and 28% respectively), and consequentially the surficial sediment in the
swinging basin has a relatively low sand percentage (as low as 10 %, Figure 3.26).
Outside the entrance to the swinging basin the relative percent of sand in the surficial
sediment increases and the relative percent of clay and silt diminish
(Figures 3.26, 3.27, 3.28 and 3.29).

Surficial sediment at the existing dredge spoil ground have relatively elevated
percentages of both silt and clay when compared to sites of similar depth
(Figures 3.27 and 3.28), suggesting that the dumping of dredge-spoil at the disposal
site modifies the surficial sediment textural characteristics.
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3.4.2.7 Organic Content Distribution Map

Organic content in the surficial sediment in northern Poverty Bay ranges from
approximately 1 % to slightly over 3 % by weight (Figure 3.30). Surficial sediment
in the swinging basin has the highest organic content within the study area (3%,
Figure 3.30, which is in agreement with the findings of (Sander, 1993). It is likely
that the relatively high concentration of organic material in the Swinging Basin is
sourced from both the discharging of the Turanganui River adjacent to the swinging

basin (Figure 3.1) and as a direct result of port operations (i.e. from wood and wood-
chip export operations).

As with the findings of Miller, (1981) and Sander, (1993), relatively high organic
content is also found in the surficial sediment within the existing dredge spoil ground
(Figure 3.30). The elevated organic content within the existing dredge spoil ground
is probably due to the disposal of dredge material at the site, which is sourced from
the swinging basin and the shipping channel.

Surficial sediment in the low-tide swash zone along both Waikanae and Midway
beaches have organic contents greater than 2 % (Figure 3.30). The high organic
percent of beach sediment is probably the result of the degradation of organic
material (logs etc.) that is deposited on the beaches in relatively large quantities as
flotsam (Figure 3.31). Organic content is shown to decrease with distance offshore
from the beaches (Figures 3.30 and 3.32) and with distance from the mouth of the
Turanganui River (Figure 3.33).

3.5 Heavy Metal Analysis - Channel and Swinging Basin

3.5.1 Sample collection and Heavy Metal Analysis Procedure

In order to ensure that the sediment being dredged in the capital and maintenance
dredging programs does not contain levels of trace heavy metals in excess of the
imposed Resource Consent Limits three surficial sediment samples considered to be
representative of the dredged material were collected by a SCUBA diver; one from
within the swinging basin and two within the shipping channel (Figure 3.34). The
surficial sediment samples were packed wet into air and watertight plastic containers
and shipped to R.J. Hill Laboratories, which is an accredited International
Accreditation New Zealand (previously known as TELARC) laboratory. Trace
heavy metal concentrations were determined in accordance with the terms of
accreditation and using Inductively Coupled Plasma-Ass Spectrometry operated in
accordance with the U.S. E.P.A. 200.2 methods and standards. Trace heavy metals
tested for include,

i.  Cadmium,
ii.  Chromium,

iii.  Copper,
iv.  Mercury,

v. Lead, and
vi. Zinc
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3.5.2 Heavy Metal Results

Concentrations of heavy metals within the shipping channel and swinging basin are
below the imposed Resource Consent Limits (Table 3.05). The surficial sediment
within the Swinging Basin has slightly higher concentrations of all tested trace heavy
metals, probably due to the Swinging Basin being more inert in terms of sediment
entrainment and transport processes and due to the relatively high percent fines (silt

and clay) in the surficial sediment, which are conducive to retaining trace heavy
metals (Gambrell et al., 1984).

3.6 Discussion

While side-scan sonar surveys have been used to delineate between different seabed
facies within northern Poverty Bay (e.g. Healy et al, 1997; Kensington, 1990;
Nelson and Healy, 1982), Black et al., (1997) using the Healy et al., (1997) facies
delineation (i.e. rock-reef or soft sediment delineation) is the only study to integrate
numerical sediment transport models with seabed characteristics in northern Poverty
Bay. Black et al., (1997) used Miller, (1981) and Kensington, (1990) seabed textural
data and limited data collected as part of the 1997 AEE to produce sediment textural
maps for the entire bay using gird nodes spaced at 200-m.

For this study, close to 100% side-scan coverage of northern Poverty Bay in
conjunction with D.G.P.S. and Geographical Information System (G.I.S.) software
(Maplinfo Professional, Version 6.0) enabled identification and accurate spatial
mapping of five distinct facies types. The accurate spatial mapping of the different
facies from this study expand on the previous work conducted by Miller, (1981),
Kensington, (1990) and Healy et al., (1997), and provides the potential for more
realistic model simulations.

Within northern Poverty Bay Miller, (1981), Kensington, (1990) and
Beamsley et al., (1998) have examined the spatial distribution of seabed texture. All
three studies have noted similar trends in the surficial sediment textural
characteristics, with mean grain size showing a general trend to decreasing with
distance offshore (Figures 3.35, 3.36 and 3.37 for Beamsley et al., 1998; Kensington,
1990; Miller, 1981 respectively). Sediment textural data from this study displays a
similar trend (Figure 3.18), with factor 1 loadings of 0.81 for water depth and —0.87
for mean grain size (Table 3.04), while multivariate regression results in an R’ of -
0.65 between water depth and mean grain size (Table 3.03). Neither Miller, (1981)
nor Kensington, (1990) note the surficial sediment within the existing dredge
disposal site to be relatively finer, however curiously Kensington, (1990) did find the
disposal site to have relatively elevated percentages of both mud and clay
(Figure 3.38 and 3.39 respectively). Similar trends in the percentages silt and clay
spatial variations are shown by sediment samples collected as part of this study
(Figure 3.27 and 3.28 respectively) and this is reflected by the 1% modal distribution
map displaying a dominant mode in the silt sized fraction within the existing dredge
disposal ground (Figure 3.20).

While rock-reef area is identified in the textural distribution maps of

Kensington, (1990), a disparity exists between the spatial extent of the rock-reef area
as identified by side-scan sonar records collected in January 1989 (Figure 3.40) and
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the seabed textural distribution maps created from seabed samples collected in
February 1986 (e.g. Figure 3.36, 3.38, and 3.39).

Beach and offshore seabed sediment mean grain sizes are similar in the studies by
Miller, (1981), Kensington, (1990) and for data collected as part of this study
(Figures 3.37,3.36 and 3.18 respectively), indicating little temporal change. The
surficial sediment grades from fine sand (2-3 phi, 250-125 um) to very fine sand (3-4
phi, 125-62.5 pm) between the 5 and 10-m depth contour. While the surficial
sediment continues to fine with increased water depth, the offshore seabed sediment
remains classified as very fine sand, except for an area of coarse silt within the
existing dredge spoil ground (Figure 3.18).

The degree of sorting of the surficial sediment varies between the studies of
Miller, (1981), Kensington, (1990) and for this study. Miller, (1981) found the
majority of the surficial sediment within northern Poverty Bay to be classified as
moderately to moderately well-sorted (Figure 3.41). In contrast, data from this study
and the study by Kensington, (1990) classified the majority of the surficial sediment
within Poverty Bay as poorly sorted (Figures 3.23 and 3.32 respectively). Further,
the degree of sorting is shown to decreases with water depth (Figure 3.23).

Miller, (1981), Kensington, (1990) and data from this study classify the majority of
the surficial sediment within northern Poverty Bay as being fine to strongly-fine
skewed (Figures 3.43, 3.44 and 3.25 respectively). However, the degree of sorting
increases near the beaches (Figure 3.25). The fine-skewed nature of the surficial
sediment is characteristic of sediment deposited via rivers (Friedman and Sanders,
1978). Both Miller, (1981) and Kensington, (1990) note an area in the vicinity of the
existing dredge spoil ground where the surficial sediment is classified as coarse-
skewed (Figures 3.43 and 3.44 respectively). Likewise, data from this study indicates
the surficial sediment within the existing dredge disposal ground is coarsely skewed
(Figure 3.25). The skewness of the surficial sediment within the existing dredge
spoil ground most likely represents the mixing of the naturally occurring sediment
(given the water depth) and the sediment disposed at the site from dredging
operations.

Three factors appear to control the sediment textural characteristics within northern
Poverty Bay; water depth, dredging operations and river discharging. Water depth
appears to have the strongest influence on the sediment textural characteristics
(shown by an R’ of —0.65 when correlated with the mean grain size), with some
modification of the surficial sediment grain size distribution resulting from the
disposal of dredged material at the existing dredge disposal site and the discharging
of sediment as both bedload and suspended load from the Turanganui River adjacent
to the port (represented by the distance of a particular site from a sediment source, R
of 0.46, when correlated with the mean grain size, Table 3.03). The correlation
between water depth and the grain textural characteristic of the surficial sediment is
displayed by the textural distribution maps (e.g. Figures 3.18, 3.20, 3.26, 3.27 and
3.28) the Factor 1 loadings (Table 3.04) and the R values (Table 3.03). Textural
maps illustrate a general fining of the surficial sediment with water depth, which is in
agreement with the negative correlation in the Factor 1 loadings for water depth and
mean grain size (Table 3.04).

As water depth decreases wave orbital currents become stronger and hence their
ability to entrain and transport the relatively coarser sediment increases. This results
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in winnowing out of relatively finer and finer sediment as the water depth decreases,
and hence the fining of the surficial sediment with increased water depth. It is this
relationship that has the dominant control on the surficial sediment grain size
distribution and textural characteristics within northern Poverty Bay. Further, the
relationship between water depth and the relative strength of the near-bed wave
orbital currents results in the surficial sediment becoming increasingly sorted as the
water depth decreases.

In contrast, the surficial sediment within the existing dredge disposal ground is
influenced by the disposal of dredge material. The surficial sediment is relatively
finer, having greater percentages of silt and clay and less sand in the distribution than
surficial sediment in similar depths within the study site (Figure 3.26, 3.27 and 3.28).
The surficial sediment within the existing disposal ground is classified as ‘near-
symmetrical’ (Figure3.25), presumably due to the mixing of naturally occurring
seabed sediment and sediment dredged from the swinging basing and shipping
channel disposed of at the site during capital and maintenance dredging. Further, the
discharging of the Turanganui River influences the surficial sediment textural
characteristics in the vicinity of the river mouth, with seabed sediment about the
mouth being relatively finer than sediment at similar depths offshore Waikanae and
Midway beaches (Figure 3.18). The surficial sediment in the vicinity of the river
mouth is classified as being near-symmetrical (Figure 3.25), suggesting that there is a
balance between sediment transport and depositional processes, whereby the quantity
of fine sediment deposited at the site via river discharging offsets the naturally fine-
skewed nature of the surficial sediment in the majority of northern Poverty Bay.

The weight percent organic matter in the surficial sediment in northern Poverty Bay
varies between less than 1% to approximately 3%. The largest weight percent
organic material is found within the Swinging Basin (Figure 3.30). Further, the
surficial sediment within the existing dredge disposal ground display relatively
elevated organic content, as do the sediments along Midway and Waikanae Beach
(Figure 3.30). It is likely that the elevated organic content in the Swinging Basin
results from a combination of organic material derived from the Turanganui River,
and as a result of port operations, particularly wood and wood-chip export
operations. The quantity of organic material deposited in Poverty Bay from the
Turanganui River is highlighted by the amount of degraded vegetation that can be
found near the mouth of the Turanganui River (Figure 3.31). The quantity of
degraded vegetation matter found on the beach is also responsible for the relatively
elevated weight percent organic matter in the beach sediments (Figure 3.30).
Because the dredged material is sourced from the Swinging Basin and shipping
channel it is not surprising that the surficial sediment within the existing dredge
disposal ground also displays relatively high weight percentage of organic matter (up
to 3%, Figure 3.30).

3.7 Summary

Comprehensive bathymetric mapping using digitised R.N.Z. N ‘fairsheets’ and
hydrographic surveys have been used to create bathymetry files and digital terrain
models (DTM) of northern Poverty Bay. The DTM of the study site highlights the
contrast between the concave-up shoreface offshore Waikanae and Midway Beaches
and the shore platform offshore Kaiti Beach (Figure 3.02). The bathymetric DTM
also highlights the relative relief of the Tokomaru, Hawea and Temoana rocks above
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the undifferentiated silty sand (Figure 3.11), as well as depicting the dredge spoil
mound within the existing dredge disposal ground (Figure 3.11).

Analysis of close to 100% side-scan sonar coverage in the field area has identified 5
different types or facies and is used to map the spatial extent. The facies identified
including;
i.  Undifferentiated silty sand,
ii.  Rocky-reef areas (including Tokomaru, Hawea Temoana reefs),
iii.  Reef-gravel boulders,
iv.  Shore platform rock, and
v. A distinct signature identified as dredge spoil.

The spatial distribution of the 5 facies was draped over the DTM, highlighting the
different topographical characteristics of the facies (Figure 3.11).

A surficial sediment-sampling program was used to map the spatial variability in the
surficial sediment within northern Poverty Bay. Sample treatment and analysis was
identical for both the sand and mud portion of the surficial sediment sample. Mean
and modal textural characteristics of the surficial sediment exhibit similar spatial
patterns (Figures 3.18 and 3.20 respectively). Coarsest sediments are found in the
low tide swash zone of Waikanae and Midway beaches (Figure 3.18), as illustrated
by the relatively large percent sand in the beach sediments (Figure 3.26). The
relatively fine surficial sediment and hence high volume percent silt and clay content
found in the Swinging Basin and at the existing dredge disposal ground (Figure 3.18)
is attributed to the processes acting to entrain and transport the sediment and the rate
of sediment supply. Shipping channel sediments are shown to become coarser with
distance from the Swinging Basin (Figure 3.18 and 3.19). Water depth and hence the
relative strength of the wave orbital currents is the dominant controlling process
influencing the textural characteristics of the surficial sediment. As water depth
decreases the relative strength of the wave-orbital velocities increases and hence its
potential to entrain coarser and coarser sediment also increases. This correlation
between the relative strength of the orbital velocities and the water depth results in
the negative R value relating water depth and mean grain size (-0.65) and the inverse
relation in the factor 1 loadings for water depth and mean grain size of 0.81 and —
0.87 respectively (Table 3.03 and 3.04 respectively). Factor loadings and R indicate
that as the water depth increases the grain size of the surficial sediment will decrease.

The degree of sorting of the surficial sediment in northern Poverty Bay is classified
as ranging between poorly sorted to very-poorly sorted (Figure 3.23). The degree of
sorting displayed by the surficial sediment grain size distribution is attributed to the
size range of sediment available for deposition from the Turanganui River
(Figure 3.01) and the Waipaoa River in southern Poverty Bay. Together the two
river systems deposit 13x10° tonnes per year annually as bed and suspended load
(Council, 1994; Griffiths and Glasby, 1985). Because the relative strength of the
dominant sediment entrainment and transport process (i.e. wave-orbital currents)
increases as water depth decreases the degree of sorting displayed by the surficial
sediment increases near the shore (Figure 3.23), reflecting the winnowing out of
fines.

Surficial sediment in northern Poverty Bay is predominately strongly fine-skewed.

Notable exceptions are the sediment in the Swinging Basin and sediment at the
existing dredge spoil ground (Figure 3.25). Swinging basin sediment is classified as
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peing coarsely skewed, which is a reflection of the relatively inert sediment transport
and entrainment processes operating within the basin and the size of sediment
available for deposition. The surficial sediment in the existing dredge disposal
ground exhibit near-symmetrical skewnesses (Figure 3.25), reflecting the mixing of
the sediment that would naturally occur at the site given the water depth and the
sediment disposed of at the site via dredging.

Organic content in the surficial sediment ranges for 1-3%, with the largest organic
content concentrations being found within the swinging basin and along Waikanae
and Midway beaches (Figure 3.30). The high concentration of organic content found
in the surficial sediment in the swinging basin is attributed to wood and wood-chip
exporting operations at the port and the discharging for organic material from the
Turanganui River adjacent to the port (Figure 3.01). The high organic content of the
sediment on Waikanae and Midway beaches is attributed to organic debris
discharged from the Turanganui River, which often accumulated on Waikanae and
Midway beaches, illustrated by Figure 3.31.
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Table 3.01

flocculated particles.

2 5.08 2.42 0.49
4 5.42 2.38 0.48
6 5.42 2.34 0.5
8 5.42 2.34 0.5
10 5.83 2.59 0.48

Table 3.02

Surficial sediment textural characteristics after 2, 4,6, 8 and 10
minutes of ultrasonic treatment to disperse flocculated particles. [Initial
sample treatment consisted of Hydrogen Peroxide (HO,) treatment for the
removal of organic material and Calgon for the partial dispersion of

Eigenvalues of 4 factors determined from multivariate Factor
Analysis of the surficial sediment in-situ shears strength, textural

characteristics and physical/environmental controls. Factor Analysis is used

to determine structure within a dataset.

The Eigenvalues are used to

determine the number of factors that should be considered in multivariate
Factor Analysis. Based on the Eigenvalues (i.e. Eigenvalues > 1), the data can

be described using two Factors (as highlighted).

6.42

1 58.34
2 1.58 14.33 7.99 72.67
3 0.93 8.44 8.92 81.10
4 0.75 6.86 9.68 87.96
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Table 3.03  Correlation coefficient (R) matrix from the linear regression between the surficial sediment shear strength, textural
characteristics and physical/environmental setting. The Turanganui River and the existing dredge spoil ground are termed “sediment

sources”, assuming that the disposal ground is partially dispersal and sediment entering northern Poverty Bay is radial dispersed from
the mouth of the river.

Distance to sediment source 1

Water depth (m) -0.06 1

Site in channel 1-y 0-n -0.18 -0.16 1

Mean grain size (um) 0.46 -0.65 -0.19 1

Bi-modal 1-y 0-n -0.18 0.41 -0.09 -0.35 1

Clay % -0.24 0.63 -0.12 -0.65 0.72 1

Silt % -0.41 0.62 0.13 -0.87 0.45 0.82 1

Sand % 0.38 -0.64 -0.07 0.85 -0.54 -0.90 -0.99 1

Organic content % -0.02 0.24 -0.18 -0.12 0.51 0.47 0.27 -0.34 1

Clay to Sand ratio -0.23 0.54 -0.09 -0.61 0.72 0.97 0.80 -0.88 0.45 1
Mud to Sand ratio -0.29 0.53 -0.01 -0.70 0.58 0.90 0.90 -0.94 0.35 0.96 1
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Table 3.04 .Normalized variance maximized (Varimax) rotated factor loadings
determined from multivariate Factor Analysis of the surficial sediment shear

strength, textural characteristics and physical/environmental setting. Factor
loadings greater then 0.5 are highlighted.

Distance from sediment source -0.20 -0.03
Water depth 0.81 0.06
Site in channel 1-y 2-n 0.03 -0.12
Mean grain size -0.87 0.00
g-lr-lmodal grain size distribution; 1-y 0.35 0.78
Clay % 0.77 0.57
Silt % 0.91 0.23
Sand % -090| -0.33
Organic content % 0.07 0.84
Clay to Sand ratio 0.74 0.60
Mud to Sand ratio 0.82 0.44
Explained variance 5.04 2.36
Proportion of total variance 0.46 0.21

Table 3.05  Heavy metal concentrations of the surficial sediment within the port of
Gisborne swinging basin and the shipping channel (mgkg', dry weight). Also
shown are the imposed Resource Consent limits imposed on port operations at
Gisborne.

Total Cadmium (Cd)
me/kg dry wt. 0.09 0.04 0.04 1.00

Total Chromium (Cr)
mg/kg dry wt. 14.6 9.9 9 100.0

Total Copper (Cu)
mg/kg dry wt. 16.3 6.8 7.7 81.0

Total Mercury (Hg)
mg/kg dry wt. 0.07 0.03 0.03 0.21

Total Lead (Pb) m
dry wt. ehe 12.2 6.4 6.9 66.0

Total Zinc (Zn) mg/kg
dry wt. 63.3 43.2 41.5 160.0
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Figure 3.01 Study site location map illustrating the extent of the study area within the
confines of northern Poverty Bay, as well as the location of the port of Gisborne,
the Turanganui River, the shipping channel, the Swinging Basin and the
surrounding beaches.
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Figure 3.02 Digital Terrain Model (DTM) of the study sites’ bathymetry. Tokomaru,
Hawea and Temoana Rocks are shown in the foreground as having greater
vertical relief in comparison to the relatively smooth undifferentiated seafloor
topography. Also evident is the rock shore platform offshore from Kaiti Beach.
Co-ordinates are in the Poverty Bay Circuit; Depths are relative to Chart Datum.
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Figure 3.03 Contoured Bathymetry showing transect locations. Transect; A-A’
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offshore from Kaiti Beach; B-B’ offshore from Waikanae and Midway beaches;
C-C’ through the existing dredge spoil ground; D-D’ along the shipping channel
and E-E’ radiating out from the entrance of the Turanganui River. Co-ordinates
are in the Poverty Bay Circuit; Depths are relative to Chart Datum.
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Figure 3.04 Transects of water depth below Chart Datum offshore Kaiti Beach (A-
A’), Midway Beach (B-B’) and through the existing disposal ground (C-C’)
based on interpolated bathymetry. The shore platform rocky reef is evident in the
depth profile off Kaiti Beach, particularly when compared to the mild slope
offshore from Midway Beach. The depth transect through the existing disposal

ground illustrates the mound of dredge material.

67



Figure 3.05 Raw side-scan sonar return signal, illustrating the almost 100 % coverage
within the study area. Also shown are the existing disposal ground (circular
disposal ground), the outer mud disposal ground and the near shore littoral spoil
ground. Co-ordinates are in the Poverty Bay Circuit.
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Figure 3.06 Raw side-scan sonar return signal of the April 2000 survey of the existing dredge disposal ground. The extent of the dredge
material within the disposal ground reflects the volume of sediment disposed of at the site during capital dredging of the shipping
channel and Swinging Basin. Co-ordinates are in the Poverty Bay Circuit.
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Figure 3.07 Interpreted side-scan sonar return signal showing the spatial distribution of the dredge material within the existing disposal
ground following the March 1999 survey. Co-ordinates are in the Poverty Bay Circuit.
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